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Ordinary  Meeting,  October  7th,  1862. 

E.  W.  BiNifEY,  FJLS.,  F.G.S.,  President,  in  the  Chair. 

A  Paper,  by  Robert  Rawson,  Esq.,  Hon.  Mem.,  was 
read,  entitled,  ''Memoir  of  the  late  Professor  £.  Hodgkinson. 
Part  Slid.** 


Ordinary  Meeting,  October  21st,  1862. 
R  W.  BiNWBY,  F JELS,,  F.G.S.,  President,  in  the  Chair. 

The  Rev.  W.  N.  MoiBfffroBTH  introduced  to  the  Society 
M.  Jules  Gerard,  the  celebrated  African  traveller  and  lion 
hnnter,  officer  of  the  French  Army  in  Africa. 

M.  Gebabd  deliyered  an  address  on  Africa^  in  reference 
to  its  future  relations  with  Europe,  and  on  the  journey  of 
exploration  "V^ch  he  proposes  to  imdertake  in  the  former 
continent. 

The  following  is  a  translation  by  the  Rev.  W.  N. 
Moiesworth,  from  a  summary  made  by  M.  Gerard,  who 
spoke  in  the  French  language. 

M.  Gerard  discussed — 1st,  the  question  of  climate ;  2nd, 
that  of  the  races  of  men  by  whom  the  African  continent  is 
peopled;  8rd,  the  means  by  which  he  hopes  to  avoid  the 
difficulties  and  the  dangers  which  have  led  to  the  failure  or 
the  death  of  many  previous  explorers.  M.  Gerard  observed 
Uiat  Africa  is  unhealthy  only  on  the  southern,  eastern,  and 
y/nsBieiu  coasts,  in  the  neighbourhood  of  the  equator ;  but  he 
maintained  that  in  other  latitudes,  and  especially  in  the 
pROOBSDUfoe— Ln.  amdPhiu  Socibty—No.  1.— Sewwon  1862-3. 


interior,  the  country  is  healthy  and  very  habitable  for 
Europeans;  and  in  proof  of  this  he  referred  to  the  English 
colony  at  the  Cape  of  Good  Hope,  at  the  southern  extremity 
of  the  continent;  to  Algeria,  at  the  northern  extremity;  and  to 
all  the  countries  in  the  centre  which  are  situated  at  a  distance 
from  the  great  lakes  and  from  the  rivers  which  overflow  their 
banks,  that  is  to  say,  all  the  countries  which  are  at  a  sufficient 
elevation  above  the  level  of  the  sea,  and  remote  from  the 
miasma  produced  by  stagnant  water. 

With  regard  to  races,  M.  Gerard  has  found  that  there 
exist  various  peoples  who  are  both  morally  and  physically 
degraded;  but  he  has  also  found  that  Africa  contains 
populations  which  are  deserving  of  interest,  and  which  are 
susceptible  of  progress  and  civilisation.  With  regard  to  the 
former,  he  expressed  his  regret  at  the  utter  neglect  with 
which  they  are  treated,  inasmuch  as  the  more  weak  and 
ignorant  a  being  is,  the  greater  is  its  claim  on  the  indulgence 
and  support  of  the  strong;  and  he  called  the  attention  of 
the  Society  to  the  people  of  Dahomey,  stating  that  their 
barbarous  customs  have  not  originated  with  themselves,  but 
from  the  sovereign  and  his  favorites.  As  a  proof  of  this 
assertion  M.  Gerard  said  that  the  victims  in  their  human 
sacrifices  are  sometimes  prisoners  of  war,  but  more  frequently 
men,  women,  and  children  belonging  to  the  nation  of 
Dahomey.  It  is  incredible  that  it  can  be  agreeable  or  even 
indifferent  to  the  people  of  Dahomey  to  sacrifice  their  families 
to  the  pleasure  of  the  king.  M.  Gerard  is  of  opinion  that 
the  people  endure  this  calamity  because  imposed  on  them  by 
despotic  violence ;  but  that,  however  brutalised,  they  would 
bless  the  hands  that  would  bring  them  deliverance.  As  a 
means  of  promoting  a  result  so  desirable  in  the  interests  of 
humanity,  M .  Gerard  proposes  to  arm  the  peoples  who  dwell 
on  the  northern  borders  of  the  country  of  Dahomey.  They 
are  the  natural  enemies  of  the  abominable  government  of 
Dahomey  for  many  reasons,  of  which  the  principal  are  that 
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the  troops  of  the  king  make  continual  incursions  into  their 
territories  to  procure  slaves^  and  that  he  prevents  them  from 
trading  with  the  European  establishments  on  the  coast.    The 
king  of  Dahomey  closes  all  the  routes  in  order  to  prevent  these 
peoples  from  obtaining  any  other  arms  than  the  primitive 
(Hies  which  they  use  at  present^  viz.^  the  lance  and  the  arrow, 
thus  enabling  him  to  preserve  the  advantages  he  possesses 
over  them  in  consequence  of  the  supply  of  fire-arms  which  he 
can  command.    M.  Gerard  pointed  out  that  arms  and  ammuni- 
tion might  be  distributed  among  these  peoples  by  two  channels 
over  which  the  king  of  Dahomey  has  no  command.     With 
these  arms  we  might  introduce  men  to  instruct  and  direct  the 
natives.     This  done,  the  interests  of  the  people  of  Dahomey 
would  have  to  be  separated  from  the  interests  of  the  dynasty, 
by  means  of  agents  recruited  in  the  country,  and  thus  the 
axe  would  be  laid  to  the  very  root  of  this  dynasty.     Then 
the  abominations  which  have  made  us  groan  with  horror  will 
be  succeeded  by  a  natural  state  of  things ;  the  labours  of  peace 
will  take  the  place  of  war,  carnage  and  fire ;  and  Europe,  as 
well  as  Africa,  will  profit  by  the  happy  change.   In  the  journey 
of  exploration  which  he  is  going  to  undertake,  M.  Gerard 
proposes  to  study  on  the  spot  this  great  question,  in  the  solution 
of  which  he  vrill  be  happy  to  participate  actively.     His  point 
of  departure  will  be  Sierra  Leone,  or  some  other  English 
possession  a  little  further  to  the  west.     He  will  endeavour 
first  to  discover  the  sources  of  the  Niger ,  which  are  still 
unknown.    Afterwards  he  will  visit  the  peoples  who  dwell 
at  the  northern  extremity  of  the  republic  of  Liberia  and  the 
country  of  Dahomey.    He  will  then  return  towards  the  upper 
basin  of  the  great  river,  where,  according  to  the  information 
he  has  obtained,    he  expects   to  find  a  vast  agricultural 
country  in  which  the  natives  produce  cotton  and  indigo; 
and  in  which  he  hopes  that  an  establishment  may  be  founded 
for  encouraging  the  growth  of  these  productions,  and  extend- 
ing commercial  relations  with  Europe.     After  having  studied 


these  countries  and  their  inhabitants^  M.  G^racd  will  visit 
Timboctoo^  in  order  to  obtain  the  papers  of  the  uufortimate 
Major  Laing,  who  was  murdered  neu:  this  town  in  1622. 
From  Timbuctoo  he  will  return  to  Europe  by  Ainsekh, 
GKileah,  and  Algiers.  The  length  of  this  journey  is  about 
three  thousand  miles;  for  the  purpose  of  accomplishing  it  M. 
G^ard  reckons  on  the  destruction  which  he  will  make  of 
leopards^  lions,  and  panthers,  which  depc^mlate  whole  villages 
in  these  countries;  and  on  the  relations  he  has  formed  with 
the  Arabs.  M.  Gerard  concluded  by  thanking  the  president 
and  the  members  of  the  Society  for  the  great  attention  with 
which  he  had  been  heard^  although  addressing  them  in  a 
foreign  language. 

A  vote  of  thanks  to  M.  Gerard  having  been  passed,  and 
some  discussion  having  taken  place  on  his  Paper, 

The  Rev.  W.  N.  Molbswobth  remarked  that  M.  Gerard 
had  visited  Manchester  in  the  hope  of  obtaining  pecuniary 
assistance  towards  carrying  out  his  proposed  explorations. 
His  object  was  of  great  importance  both  in  a  scientific  and 
commercial  point  of  view.  He  was  opening  up  to  them  new 
sources  whence  they  might  be  supplied  with  good  and  cheap 
cotton,  and  he  also  expected  to  make  geographical,  ethnolo- 
gical, and  zoological  discoveries.  It  was  to  be  hoped,  therefore, 
that  gentlemen  present  who  felt  an  interest  in  either  of  these 
two  objects  would  make  his  purpose  as  widely  known  as 
possible,  and  render  to  him,  or  obtain  for  him,  all  the 
assistance  they  could. 

Some  remarks  having  been  made  respecting  the  sudden 
fell  of  the  barometer,  which  occurred  on  Sunday  the  19th 
inst.,  Mr.  Baxshdbll  read  the  following  extract  of  a  letter 
from  Mr.  Vernon,  F.R.A,S. : — *'  At  8h.  a.m.  on  Sunday,  the 
reading  of  the  barometer  was  29'483  inches,  and  at  9h.  50m. 
p.m.  28'502  inches,  a  fall  of  0*981  inches  in  a  little  over 
twelve  hours:  the  entire  fall  in  ten  days  was  1-8  inches,  a 


very  unusual  amount.  The  depression  accompanying  the 
Royal  Charter  storm  was  oifly  about  one-half  that  accompany- 
ing the  past  fltorm." 

Mr.  AliFltBD  Fi^TBR,  wb9  observed  the  moTcments  of  an 
aneroid  barometer  under  the  microscope  during  the  storm, 
stated  that  the  minimum  pr^essure  occurred  at  lOh.  10m.  p^m., 
and  that  for  some  minutes  before  and  after  this  time  the 
index  of  the  instrument  was  in  a  state  of  rapid  vibration. 

A  Paper  was  read  by  Dr.  J.  P.  Joule,  entitled,  "  Notice 
of  a  Compressing  Air  Pump." 

The  Author  referred  to  the  difficulties  of  realising  in 
practice  the  theoretical  advantages  of  the  air,  or  the  super- 
heated steam  engine.  The  abrasion  which  takes  place  when 
metal  rubs  against  metal,  without  an  intermediate  lubricator, 
speedily  destroys  the  cylinder.  He  believed  that  the  necessity 
of  using  elastic  packing  would  not  exist  if  the  length  of  the 
channel  along  which  the  elastic  fluid  must  pass,  in  order  to 
arrive  at  the  opposite  side  of  tht?  cylinder,  were  sufficiently 
increased.  This  might  be  accomplished  byincreasing  the  depth 
of  the  piston,  or  by  placing  on  the  rim  of  the  piston  concentric 
rings  to  enter,  at  the  beginning  and  end  of  each  stroke,  corre- 
sponding concentric  grooves  in  the  covers  of  the  cylinder. 

The  principle  of  great  depth  of  piston,  as  a  substitute  for 

packing,  had  been  successfully  carried  out  in  the  pump  which 

was  the,  subject  of  this  oommunication.    The  cylinders,  two 

in  number,  are  twenty  inches  long  and  two  inches  in  diameter. 

The  pistons  are  solid  cylinders  of  ir<m,  ten  inches  long,  fitting 

as  accurately  to  the  cylinders  as  is  consistent  with  freedom 

of  motion.    The  depth  of  each  piston,  as  compared  vrith 

its  diameter,  renders  the  usual  guide  or   parallel  motion 

nmiecessary,  so  that  the  connecting  rod  is  simply  jointed 

to  the  top  of  the  piston*      Air  is   readily  compressed   to 

Bxtaen  atmo0]^res,  the  quantity  passing  the  sides  of  the 

<7Kijdcr8  being  very  trifling. 


MIOBOSOOPICAL    SECTION. 
Fourth  Annual  Meeting,  19th  May,  1863. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  V.P.  of  the  Section,  in  the 

Chair. 

Mr.  David  Joy,  and  Mr.  John  Leigh,  M.R.C.S.,  were 
elected  members  of  the  Section. 

The  Secretary  then  read  the  Annual  Report  of  the 
Council,  which  was  agreed  to  and  ordered  to  be  printed  for 
circulation  amongst  the  members. 

The  following  gentlemen  were  then  elected  officers  for  the 
ensuing  Session : — 

^resitrent. 
WILLIAM  C.  WILLIAMSON,  P.R.S. 

EDWARD  W.  BINNEY,  F.E.S.,  F.Q.8. 
JOSEPH  SIDEBOTHAM. 
ARTHUR  a.  LATHAM. 

Secrttarp. 
GEORGE  MOSLEY. 

^reaaurtr. 
JAMES  G.  LYNDE,  M.  Inst.  C.E.,  P.G.S. 

^f  t|e  (IDoanciL 

THOMAS  ALCOCK,  M.D. 

JOSEPH  BAXENDELL,  F.R.A.S. 

JOHN  DALE,  P.C.S. 

J.  W.  MACLURE,  F.R.G.S. 

THOMAS  H.  NEVLLL. 

JOHN  PARRY. 

WILLIAM  ROBERTS,  M.D. 

JOHN  WATSON. 

It  was  proposed  by  Mr.  Lynde,  seconded  by  Mr.  Nevill, 
and  carried  unanimously,  that  the  following  alterations  be 
made  in  the  Rules : — 

No  person  shall  be  eligible  for  the  office  of  President  for 
more  than  two  years  in  succession. 

The  Vice-President  who  has  attended  the  least  number  of 
meetings  shall  be  ineligible  for  re-election  as  Vice-President 
for  at  least  one  year. 


The  two  members  of  the  Council  who  have  attended  the 
least  number  of  meetings  shall  be  ineligible  for  re-election 
for  at  least  one  year. 


October  20th,  1862. 

Professor  Williamson,  F.R.S.,  President  of  the 
Section,  in  the  Chair. 

Mr.  George  Venables  Vernon,  F.R.A.S.,  was  elected  a 
member  of  the  Section. 

Mrs.  Bury,  of  Croft  Lodge,  Ambleside,  presented,  through 
Professor  Williamson,  a  series  of  twelve  photographic  plates, 
with  seventy- two  figures  of  Polycistins  from  drawings  by 
that  lady ;  also  seventeen  mounted  slides  of  Barbadoes  earth. 

Mr.  Horatio  J.  Frembly,  of  Gibraltar,  presented,  through 
Mr.  H.  A.  Hurst,  thirty-four  slides  of  tongues  of  mollusca, 
collected  and  mounted  by  himself.  An  elaborate  report  upon 
their  scientific  classification  was  read  by  Dr.  Thomas  Alcock. 

Mr.  H-  A.  Hurst  presented  a  collection  of  tongues  of 
mollusca,  from  Bengal,  made  by  him  during  his  residence  in 
India.  They  have  been  placed  in  the  hands  of  Dr.  Alcock, 
who  has  kindly  undertaken  to  examine  and  report  thereupon. 

Captain  J.  C.  Gales,  of  the  ship  *^  Quito,"  presented 
soundings  taken  off  the  coast  of  Chili  and  the  Falkland 
Islands;  two  specimens  of  anchor  mud,  from  the  Falkland 
Islands ;  and  some  of  the  Ficcus  Natans  from  the  Sargossa 
Sea,  with  specimens  of  its  inhabitants,  dried  in  the  sun. 
Captain  Curling,  of  the  P.  and  O.  S.  S.  "  China,"  presented 
four  soundings  from  the  coasts  of  Malabar,  Yemen,  Malacca, 
&c.;  CaptainViCKERSjOf  the  "RosinaClaypole,"  anchor  mud 
from  Port  Royal  and  Black  River,  Jamaica,  and  a  sounding 
taken  off  the  south  coast  of  Ireland ;  and  Captain  Samuel 
Flood,  of  the  ship  "  Pantoleon,"  anchor  mud  from  Sumatra 
and  Malacca.  Two  deep  Atlantic  soundings  in  1,730  and 
2,220  fathoms,  were  also  thankfully  acknowledged. 


Mr.  Thohas  Heelis  preBented  many  interesting  specimens, 
collected  during  Iris  late  voyage^  amongst  which  may  be 
named  two  soundings  from  the  Agulhas  Bai^  two  specimens 
of  Hoogly  mud,  scales  of  flying  fish,  and  gulf  weed,  with 
minute  Crustacea  and  other  animals  preserved  in  spirits. 

Mr.  Joseph  Sidebotham  presented  to  every  memher  of 
the  Section  a  photographed  finder  for  high  powers,  in  case 
inscribed  with  the  member's  name. 

Mr.  John  Dale  presented  a  quantity  of  desiccated  balsam 
dissolved  in  chloroform,  to  be  divided  amongst  the  members. 

Mr.  A.  G.  Latham  presented  a  mounted  spiracle  of  a  mole 
cricket  from  Africa,  and  pointed  out  the  difference  from  that 
found  in  this  country. 

Mr.  E.  W.  BiNNBY  presented  a  copy  of  his  Paper  *^  On 
some  Fossil  Plants  showing  structure,  from  the  Lower  Coal 
Measures  of  Lancashire." 

A  Letter  was  read  from  Mr.  Thomas  D.  Toase,  of  Jamaica, 
with  reference  to  the  animalcule  previously  described. 

Mr.  Brothers  exhibited  some  fine  specimens  of  Stephana- 
ceros. 

Mr.  Parrt  exhibited  some  photographs  of  magnified 
sections  of  wood. 

Mr.  W.  H.  Heys  exhibited  the  peculiar  oil  glands  on  the 
leaf  of  the  Procranthera  Violacea  /  stellate  hairs  on  the  calyx 
of  the  Deutzia  Scabra,  which  differ  from  those  on  the  leaves 
by  having  a  greater  number  of  rays  and  a  central  disc ;  spines 
of  the  Loasa  Cocdnea  ;  and  two  kinds  of  spangles  upon  oak 
leaves  from  Beddgelert. 

Dr.  William  Roberts  exhibited  a  mounted  specimen  of 
crystals  of  Cyatin. 


Ordinary  Meetings  November  4th,  1861S. 

J.  P.  JoTJLB,  LL.D.,  F.R.S.,  Vice-President,  in  the  Chair. 

Mr.  Peter  Hart  was  elected  an  Ordinary  Member  of  the 
Society. 

Dr.  BoBSBTs  exhibited  some  microscopic  preparations 
illustrating  the  effect  of  a  solution  of  magenta  on  the  blood. 
The  red  blood-disks  were  tinted  of  a  faint  rose;  and  one 
portion  of  their  outline,  in  a  majority  of  the  corpuscles, 
appeared  more  deeply  tinted  than  the  remainder.  The  pale 
corpuscles  were  more  strongly  tinted  than  the  red;  and  their 
nuclei  were  displayed  with  great  clearness,  dyedof  a  magnifi- 
cent carbuncle-red.  A  number  of  the  nuclei  were  seen  in 
the  process  of  division,  more  or  less  advanced,  and  in  some 
cells  the  partition  had  issued  in  the  production  of  two,  three, 
or  four  distinct  secondary  nuclei.  There  was  evidence  that 
these  secondary  nuclei  were  set  free  in  the  blood,  and,  by 
subsequent  enlargement  and  change  of  form  and  chemical 
constitution,  developed  into  red  blood  disks,  which  would 
therefore  appear  to  be,  as  Mr.  Wharton  Jones  first  conceived, 
free  cellseform  nuclei,  and  not,  according  to  the  current 
belief,  enlarged  and  altered  pale  corpuscles. 

Mr.  Dtbb,  Vice-President,  exhibited  a  broken  screw  bolt, 
IJin.  square  (used  to  fasten  a  cart  body  to  the  axle).    The 
fracture,  near  the  head  end,  appeared  very  much  like  one  of 
Pbooibddiqs— Lit.  and  Phil.  SocfiBrr— No.  2.— Session  1862-3. 


10 

cast  iron ;  imbedded  in  the  centre  of  the  bar  was  a  smooth 

eggHshaped  mass  about  |in.  diameter^  crossing  the  fracture^ 

and  leaving  a  cavity  as  its  mould  in  the  metal  on  one  side. 

He  assumed  that  faults  like  this  were  probably  owing  to  the 

rapid  processes  in  use  for  reducing  masses  from  the  puddle 

into  bars  of  wrought  iron,  whilst  the  meted  was  only  partially 

converted  to  the  malleable  state,  as  appeared  in  this  sample 

of  bad  iron.     The  iron  in  a  semi-fluid  state,  is  passed  from 

the  fiimace  through  a  succession  of  rollers,  without  re-heating 

or  faggoting,  as  were  formerly  practised,  and  at  once  reduced 

to  the  sizes  required.     The  improved  rolling  mills  could  not, 

it  seemed,  insure  improved  qualities  of  wrought  iron,  whilst 

they  afforded  temptations  to  make  it  far  inferior  to  any  that 

could  have  been  made  fifty  years  ago.     Considering  the  many 

hazards  to  which  life  and  property  are  exposed  in  travelling 

by  railway  and  otherwise,  from  the  iron   ^'shuffled  off  in 

haste,"  and  found  in  use  in  engineering  constructions,   it 

becomes  important  that  previous  tests  should  be  employed 

to  ascertain  the  real  nature  of  the  iron,  so  as  to  leave  no 

question  of  its  being  in  a  safe  condition  for   the  purpose 

intended,    and    not  like   this    specimen,    and    like    much 

now-a-days  made  by  pressing  the  half-converted  puddle  into 

marketable  shapes. 

In  connection  vdth  the  subject  of  the  slow  changes  which 
iron  undergoes,  M.  Bregubt,  of  Paris,  stated  that  in  their 
furnace  for  preparing  soft  iron,  he  had  observed  a  remarkable 
case  of  crystallisation  of  wrought  iron.  One  of  the  furnace 
bars  became  brittle,  and  on  breaking  a  portion  of  it,  he  found 
it  to  contain  a  large  cubical  crystal  of  iron,  each  of  whose 
sides  measured  five  millimetres  in  length.  This  singular 
specimen  is  now  in  the  possession  of  M.  Balard. 
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A  Paper  was  read  "  On  a  certain  class  of  Linear  Differ- 
ential Equations,"  by  the  Rev.  Robert  Harley,  F.R.A.S. 

In  the  Philosophical  Magazine  for  May  of  last  year,  Mr. 
Cockle  showed,  in  a  Paper  entitled,  *'0n  Transcendental 
and  Algebraic  Solution,"  that  from  any  algebraic  equation 
of  the  degree  w,  whereof  the  coefficients  are  functions  of  a 
variable,  there  may  be  derived  a  linear  differential  equation 
of  the  order  n — 1,  which  will  be  satisfied  by  any  one  of  the 
roots  of  the  given  algebraic  equation.  The  connexion  of 
this  theorem  with  a  certain  general  process  for  the  solution 
of  algebraic  equations  led  me  to  consider  its  application  to 
the  form 

to  which  it  is  known  that  any  equation  of  the  nth  degree, 
when  n  is  not  greater  than  6,  can,  by  the  aid  of  equations  of 
inferior  degrees,  be  reduced. 

In  the  course  of  my  investigations  I  was  conducted  to  the 
conclusion  that  for  all  integral  values  of  n  between  the  limits 

n=2,  n=5, 
both  inclusive,  the  linear  differential  equation,  or,  as  it  is 
proposed  to  call  it,  the  "  differential  resolvent,"  is  of  the  form 

and  I  completely  determined  the  constants  ao,  ai, . . .  a^i  for 
all  the  cases  up  to  and  including  n=5. 

I  found,  moreover,  that  this  result,  in  itself  sufficiently 
remarkable,  might  be  put  under  a  still  more  simple  and 
striking  form  by  following  a  process  of  transformation  pro- 
posed by  Professor  Boole  in  his  Memoir  on  a  General  Method 
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in  Analysis,  which  appeared  in  the  PhUosophicdl  Transac- 
tions for  1844,  part  II.     I  found  in  feet  that  writing  c^  for 

X.  and  D  for  a:-T-  or  -j-;,  the  differential  resolvent  of  the  trino- 

mifiJ  equation  (I)  may  he  made  to  take  the  form 

D(D-l)(D-2).  .  .  (D-«+2)y-(D-?^)(D-8!^) 

(D-l^).  .  .(d_«J=^).'- Vo  ...  (A) 

the  only  exception  being  the  case  w= 2,  in  which  the  resolvent 
contains  a  term  independent  of  y. 

Using  the  ordinary  factorial   notation,  that  is   to  say, 
representing 

(«)(tt-l)(tt-2)...(M-r+l) 
by  [w]',  the  form  (A)  may  be  written 

"-[•s]"-("-')-[.-ii4-S]'""--'=«-('') 

In  the  Proceedings  of  this  Society  (vol.  IL,  pp.  181 — 184) 
for  the  4th  of  February  last,  I  gave,  without  the  details  of 
calculation,  the  several  differential  resolvents  for  the  succes- 
sive cases  n=2,  8,  4,  5;  and  these  results  Mr.  Rawson,  of 
Portsmouth,  has  kindly  verified.  I  gave,  also,  in  the  same 
Paper,  the  Boolian  (symbolical)  form  of  the  resolvent  for  the 
biquadratic,  and  this  seems  to  have  suggested  to  Mr.  Cayley 
an  investigation,  in  which  he  showed,  by  the  aid  of  Lagrange's 
theorem,  that  the  equation  (B)  holds  for  all  values  of  n.  I 
had  the  honour  of  commimicating  Mr.  Cayley's  investigation  to 
the  Society  on  the  ensuing  18th  of  February,  and  an  abstract  of 
it  appeared  at  p.  198,  vol.  II.,  of  the  Proceedings.  The  Paper 
itself  will  be  printed  in  the  forthcoming  volume  of  Memoirs. 
Before  receiving  Mr.  Cayley's  remarkable  analysis,  I  had 
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eaknlated,  and  I  believe  I  had  also  communicated  to  Mr. 
Cockle^  the  Boolian  forms  of  the  resolvents  for  the  cases 
n=2to  11=5,  both  inclosive;  and  these  suggested  to  me 
the  general  form  (A).  (See  Proceedings^  vol.  II.,  pp. 
199—801,  and  pp.  287—241.) 

The  singuhir  simplicity  of  these  results  for  the  form  (I) 
had  an  effect  inducing  me  to  consider  the  corresponding 
ftnn. 

jr-wjr-*+(»»-i)«o . . .  (II) 

to  which  also  any  algebraic  equation  of  the  nth  degree, 
ft  being  not  greater  than  5,  can,  as  Mr.  Jerrard  has  shown, 
be  reduced  by  means  of  equations  of  inferior  degrees ;  and  by 
induction  I  was  led  to  the  following  general  expression  for 
its  rescdvent,  viz. 

n'^'[(ii-.l)D]-'  y-.(n— l)(nD— n— l)[nD— 2]-««^  y 
=[n_l]'^ie^...(C.) 
or,  what  is  the  same  thing, 

,,-«[(n_l)x^]""V-(«-l)(^^^--^l)[n^~2]*^^y 
=r[»— l]-ia?.  ..(D) 

The  particular  cases  on  which  these  inductions  were 
founded  are  given  in  the  present  Memoir. 

Every  differential  resolvent  may  be  regarded  under  two 
distinct  aspects.  It  may  be  considered  either,  first,  as  giving 
in  its  complete  integration  the  solution  of  the  algebraic 
equation  from  which  it  has  been  derived ;  or,  secondly,  as 
itself  solvable  by  means  of  that  equation.  In  the  first  aspect 
I  haye  considered  the  differential  equation  (A)  in  a  Paper 
entitled   «*  On  the  Theory  of  the  Transcendental  Solution 
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of  Algebraic  Equations,"  just  published  in  the  Quarterly 
Journal  of  Pure  and  AjppUed  Mdihematics,  No.  20.  In  the 
second  aspect  every  differential  resolvent  of  an  order  higher 
than  the  second  gives  us,  at  least  v^rhen  the  dexter  of  its 
defining  equation  vanishes,  a  new  primary  form,  that  is  to 
say,  a  form  not  recognised  as  primary  in  Professor  Boole's 
theory.  And  in  certain  cases  in  which  the  dexter  does  not 
vanish,  a  comparatively  easy  transformation  will  rid  the 
equation  of  the  dexter  term,  and  the  resulting  differential 
equation  will  be  of  a  new  primary  form. 

A  Paper  was  read,  entitled,  *'  Note  on  Differential  Resol- 
vents," by  William  Spottiswoode,  Esq.,  M.A.,  F.R,S.,  &c. 
Communicated  by  the  Rev.  Robert  Harlby,  F.R.A.S. 

The  object  of  this  note  is,  first,  to  show  how  the  differential 
resolvent  of  an  equation  of  any  degree  may  be  found  by 
elimination  from  systems  of  linear  equations.  The  method 
is  exemplified  in  the  cases  of  the  complete  quadratic  and  the 
complete  cubic ;  and  in  the  latter  case  the  results  of  some 
investigations  by  Mr.  Harley  are  introduced,  whereby  the 
resolvent  is  freed  from  an  extraneous  factor,  and  reduced  to 
its  proper  degree  (the  lOth)  in  the  coefficients  of  the  original 
cubic. 
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Ordinary  Meeting,  November  18th,  1862. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

It  was  proposed  by  Mr.  David  Mouris,  and  seconded  by 
Mr.  Joseph  Sidbbotham  :— That  the  words  "  three-fourths" 
iu  Rule  6,  Section  iv.,  be  altered  to  ''two  thirds."  The 
motion  being  put  to  the  meeting,  there  were  86  for  it  and 
Sd  against :  it  was  therefore  declai-ed  to  be  carried. 


Ordinary  Meeting,  December  2nd,  1862. 

J.  P.  Joule,  LL.D.,  F.R.S.,  Vice-President,  in  the  Chair. 

E.  W.  BiNHBY,  F.R.S.,  the  President,  said  that  in  a  paper 
published  in  Vol.  X.  (Second  Series)  of  the  Society's 
Memoirs,  '*  On  the  Drift  Deposits  found  near  Blackpool,"  he 
had  stated,  in  a  note  at  page  122,  that  since  the  paper  was 
written  Mr.  J.  F.  Bateman,  C.E,,  F.G.S.,  had  informed  him 
that  in  making  the  Hollingworth  reservoir  near  Mottram- 
in-Longdendale,  he  had  met  with  the  common  cockspur 
shell  f  TurriteUa  terebraj  in  considerable  abundance.  During 
the  past  summer  he  had  visited  the  locality  alluded  to  by 
Mr.  Bateman,  in  company  with  Mr.  Prestwich,  F.R.S. 
After  going  up  to  the  uppermost  part  of  the  reservoir,  whfch 
is  one  of  those  belonging  to  the  Corporation  of  the  City  of 
Manchester,  to  the  point  where  the  goit  conveys  the  water  on 
the  east  side  of  the  valley,  we  saw  a  deposit  of  brown  sandy 
clay,  or  till,  which  had  been  cut  through  to  the  depth  of 
between  three  and  four  feet  for  the  purpose  of  forming  the 
goit.  This  deposit  contained  small  granite  and  greenstone 
pebbles,  some  rounded  and  others  angular.  In  it  he  found 
a  considerable  number  of  shells,  some  quite  entire  and  others 
in  fragments.  He  procured  and  showed  to  the  meeting 
specimens  of  Turrttella  terebra,  Fusus  Batrifius,  Purpura 
Frocbidixos— Lit.  and  Phil.  Society— No.  3.— Session  1862-8. 
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laptUus,  two  specimens  of  TeUina  and  Cardium  edule.  The 
City  Engineer,  Mr.  J.  G.  Lynde,  F.G.S.,  had  given  him  the 
exact  height  of  the  spot  where  the  fossils  were  found  at  as 
568  feet  above  the  level  of  the  Irish  sea. 

Shells,  identical  with  recent  sea  shells,  have  been  found 
at  much  greater  elevations  on  the  mountains  of  North 
Wales,  but  very  few  so  far  inland  ;  for  the  locality  where  the 
specimens  were  met  with  is  full  fifty  miles  in  a  straight  line 
from  the  Irish  sea,  and  a  greater  distance  if  the  water  courses 
of  the  Etherow  and  Mersey  are  followed.  Mr.  John  Taylor 
has  found  recent  marine  shells  in  the  sands  of  Bredbury  and 
Hyde,  which  he  has  described  in  the  Transactions  of  the 
Manchester  Geological  Society,  and  Mr.  Prestwich  informed 
him  that  he  has  found  similar  fossils  on  the  Buxton  Road, 
about  three  miles  from  Macclesfield,  but  the  specimens  herein 
described  are  the  first  that  l^\e  been  noticed  in  the  deep 
Tallies  running  up  into  the  sides  of  the  pennine  chain. 

He  further  stated  that  he  had  found  a  large  mass  of 
greenstone,  evidently  a  travelled  rock  of  the  drift  period,  at 
the  extreme  end  of  one  of  the  tributary  vallies  of  the  Tame, 
in  Saddleworth,  as  high  up  as  New  Year's  Bridge,  near 
Denshaw  Yale.  All  these  facts  prove  the  former  presence  of 
the  sea  (in  some  cases  containing  inhabitants  similar  to  those 
found  on  our  present  coasts)  high  up  on  the  sides  of  the 
Cheshire,  Yorkshire,  and  Derbyshire  hills  at  a  recent  period 
geologically  speaking,  and  show  that  many  of  our  deep  vallies 
have  not  been  formed  by  the  streams  of  water  now  traversing 
them,  but  are  chiefly  due  to  the  more  powerful  action  of  the 
waters  of  the  ocean,  most  probably  assisted  by  ice. 

A  communication  "  On  certain  Linear  Differential  Equa- 
tions," by  James  Cockle,  Esq.,  M.A.,  F.R.A.S.,  F.C.P.S.,  &c., 
was  read  by  the  Rev.  Robert  Harley,  F.R.A.S.    • 

At  pages  11  to  14  of  the  Society's  Proceedings  for  the  4th 
of  November  last,  Mr.  Harley  has  made  an  important  con- 
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tribudon  to  the  subject  of  linear  differential  equations.  I  am 
not  in  a  condition  to  make  a  substantial  addition  to  Mr. 
Barley's  formulae^  but  the  following,  derived  by  a  mere  change 
of  notation  from  his,  seem  to  me  to  give  a  new  interest  to  his 
valuable  results.  Write 
y— fijr^+raririO  .  .  .  (Ill) 

-r-lfiD-r-1]— {^D-^j'/Vx (E) 

or,  which  is  the  same  thing, 

^'py=x (F) 

and,  frirther,  suppose  that  X  is  equal  to  px^y  where 
^i>  ^i^"'  or,>=(l-l)-^[n-2]-^  or  p=^[n-2]'^ 

or  any  other  discontinuous  function  of  the  like  nature.  Then 

(E)  or  (F)  is,  in  the  cases  r=n — 1  or  r=l,  the  differential 

resolvent  of  (III). 
Mr.  EUrlet  added  the  following  remarks : — 
Mr.  Cockle's  formula,  (E)  or  (F),  is  interesting  and  useful, 

as  comprehending  the  differential  resolvents  of  both  the 

binomial  algebraic  equations 

y*— wy  +  (ii— l)a?=0 
and 

under  one  and  the  same  general  expression.  For  these 
cases,  (r=l  and  r=n — 1,)  to  which  the  author  confines  it 
by  express  statement,  the  formula  holds  good;  but  I  do  not 
find  that  it  holds  for  other  cases.     If  {ex.  gr,)  we  assume 

n=4andr=2, 
Ae   equation  which    in  Mr.   Cockle's    communication    is 
marked  (III),  becomes 

y*— 4y*+2a?=0...(a) 
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and  the  formula  (E),  after  some  slight  reduction,  gives 
2«(D)(2D— IXD— l)y=(4D— 3)(2D— 3)(D— 2)k2«y 

=  «'^<'(4D  +  6)(2D+l)(D)y; 
whence 

2»(2«-«')«g+2(2».8,-19:r»)g-8'*g=0, 

an  equation  which  I  find,  on  trial,  is  not  satisfied  by  the  roots 
of  (a).  In  fact,  the  differential  resolvent  of  (a),  obtained  by 
direct  calculation,  is 

n2-x>g+2'.3(l_.)g_3.5|=0...(^) 

and  the  Boolian  or  symbolical  form  is 

2*[2D  Jy — [4D— 3]'6^y  =  0, 
which,  expunging  a    common   symbolical  factor,   may  be 
reduced  to  the  form 

2*D(2D— l)y— (4D— 3)(4D— 5)e^y=0, 

and  returning  to  the  ordinary  form  of  a  differential  equation, 
•  the  last  result  may  be  written  thus : 

2*(2-*>g+2«(l-^)g+y=0...(7) 

This  equation  I  have  also  obtained  by  direct  calculation.  It 
is  worth  while  noticing  that  (j3)  and  (7)  may  be  combined  in 
one  equation 

2\2^a;);rg+2^  j  3(l-*)+K2-^>  jg 
«J8.5-2*Kl~^)}^+>y=0...(«) 

in  which  jix  is  a  perfectly  arbitrary  function,  either  constant 
or  otherwise. 

I  content  myself  at  present  with  simply  recording  these 
results,  without  attempting  a  discussion  of  them;  but  I 
believe  they  will  be  considered,  by  cultivators  of  the  calculus, 
as  not  wanting  in  interest. 
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In  my  third  communication  to  the  Society,  entitled  "  On 
the  Theory  of  the  Transcendental  Solution  of  Algebraic 
Equations"  (see  pp.  237—241  of  Vol.  II.  of  the  Proceedings), 
I  gave  Mr.  W.  H.  L.  Russell's  solution  by  definite  integrals 
of  a  certain  quartic  resolvent,  and  in  connexion  therewith  I 
remarked  that  Professor  Boole  had  pointed  out  to  me  a  method 
of  solution  which  did  not  differ  essentially  from  Mr.  Russell's. 
I  have  since  found  that  there  is  an  essential  difference, 
inasmuch  as  Professor  Boole's  method  gives  the  solution  in 
forms  involving  single,  not  (as  in  Mr,  Russell's  solution) 
triple  integrals. 

Soon  after  the  publication  of  the  Paper  above  quoted,  I 
received  from  Mr.  Cayley  a  letter  (dated  AprQ  29,  1862,) 
containing  some  remarks  on  the  subject,  which  I  have  pleasure 
in  appending  to  this  communication. 

Mr.  Cayley  to  Mr.  Harley.  "  The  series  for  the  solution 
of  your  resolvent  equation  should  I  think  be  assimilated  to 
the  form  of  the  hypergeometric  series.  If  instead  of  the 
ordinary  notation 


we  wnte 


then  naturally 


.7.7+] 


<":>) 


will  denote 

^l.a.e    ^  l.2.«.«+l.«.«+l        ^ 
and  Mr.  Russell's  series,  writing  them  under  the  forms 

A  L  id  lH  LM\^  1S\(^^  — 1  \ 

12  '  12  '   12  Vl2'l2Ai2'l2Ai2'     12   ) 

1  A  1  — TTinrxT 

^'   3'T  ^^*  3  ■   3  '   8  *    3 
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will  be 


12      5 

^ 

^8 

6         9 

12'  12'  12.  ^ 
»       2       ,  ' 

xY 

12'  12'     12 
2         ,       4 

3'    3'    1         J 

7      10     18 

*»F 

1       4      5'"^ 

I5 

S'  8 

;^ 


There  is  a  little  (incidentally)  on  these  ultra-hypergeometric 
series  in  Krunmer's  valuable  Memoir  on  the  hypergeometric 
series,  Crelle,  t.  xv.  I  attach  Ho  value  whatever  to  the  trans- 
formation of  the  series  into  definite  integrals.  As  to  your 
own  remark  '  what  is  wanted  is  the  solution  without  the  aid 
of  definite  integrals  '—it  seems  to  me  that  the  series  is  the 
solution,  and  that  what  is  wanted  is  a  study  of  these  series, 
80  as  that  they  may  be  considered  as  known  transcendents ; 
which,  considering  the  great  extent  of  the  theory  of  the 
simplest  case,  that  of  the  hypergeometric  series,  is  likely  to 
remain  a  desideratum." 
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Ordinary  Meeting,  December  16th,  1862. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Dr.  JoTJLB  read  the  following  letter  addressed  to  himself: — 

"  Varagnes,  near  Annonay,  Arddche,  France, 
"November  25, 1862. 

"Dear  Sir, 

"  I  am  much  obliged  to  you  for  the  disinterestedness 
you  have  maintained  in  reference  to  the  discovery  of  the  great 
principle  that  my  uncle,  the  celebrated  Montgolfier,  revealed 
to  me  some  sixty  years  ago..  Since  that  time  I  have  passed 
my  whole  life  in  studying  this  question. 

"Much  merit  is  due  to  you,  sir,  for  your  defence  of  another's 
rights,  especially  after  the  compositions  which  you  have  pub- 
lished,  and  are,  without  doubt,  the  best  explanations  yet 
written  of  the  great  principle  so  continually  occupying  you, 
myself,  M.  Grove,  M.  Mayer,  and  ma[ny  others.  Among  the 
latter  there  are  many  who  endeavour  to  persuade  the  public 
(every  one  in  his  interest)  that  the  world  owes  the  great 
advancement  of  the  dynamical  theory  of  beat  solely  to  their 
works ;  but  the  public  do  not  like  being  led  in  this  kind  of 
logic,  and  look  with  indifference  upon  the  pretended  authors 
of  these  discoveries,  at  the  same  time  raising  the  merit  of 
those,  like  yourself,  who  take  a  pleasure  in  rendering  justice 
to  those  who  wait  patiently  until  just  and  impartial  men 
judge  them  by  their  works  and  not  by  their  words. 

"  For  more  than  sixty  years  I  have  studied  the  question  of 
identity  of  caloric  and  movement,  and  yet  have  perceived 
no  advancement  of  this  subject ;  nothing  that  either  has  been 
said  or  written  has  helped  me  towards  the  conviction  I  have 
arrived  at.  Indeed,  almost  all  the  experiments  since  then 
have  proved  this  a  fact  (which  formerly  no  one  endeavoured 
to  contest),  viz.,  that  immediately  movement  disappears,  heat 
is  produced,  reciprocally.  We  cannot,  however,  praise  too 
much  your  studies,  and  those  of  the  physicists  who  have 
PaocBBDtifos— Lit.  and  Phil.  Sociktt— No.  4.— Session  1862-3. 
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followed  you,  having  witnessed  the  details  of  this  great  prin- 
ciple and  calculated  the  different  circumstances  with  the 
utmost  accuracy.  All  the  attempts  in  giving  a  plausible 
explanation  of  the  phenomenon  in  question  have  generally 
conveyed  this  opinion^  that  the  molecules  of  bodies^  as  well  as 
those  of  ordinary  matter,  are  liable  to  Newton's  attraction, 
and,  consequently,  must  be  separated  from  each  other  by 
spaces  infinitely  larger  than  they  occupied  before ;  then,  they 
must  keep  their  distances  from  each  other  by  virtue  of  laws, 
if  not  identical,  at  least  analogous  with  those  which  govern 
the  celestial  bodies  and  maintain  in  fixed  boundaries  the 
distances  between  the  planets  and  the  stars,  which  determine 
their  course. 

"  Such  were  the  ideas  I  had,  when  addressing  a  letter  on 
this  subject  to  the  celebrated  and  most  learned  Sir  John 
Herschel,  when  President  of  the  Royal  Astronomical  Society, 
the  most  distinguished  man  of  our  time  for  his  philosophical 
genius  and  his  wise  and  judicious  manner  of  treating  sciences, 
well  known  to  me  through  the  connection  I  have  had  with 
him. 

"We  are  indebted,  sir,  there  is  not  a  doubt,  to  the  solid 
and  enlightened  spirit  that  characterises  the  English  learned, 
for  the  development  made  in  your  country  on  this  interesting 
question,  which  occupies  the  most  learned  men  in  the  world. 
I  have  endeavoured  to  engage,  by  numerous  papers,  the 
attention  of  the  members  of  the  French  Academy  of  Sciences, 
my  colleagues,  upon  this  important  subject,  but  without  avail. 
But  I  take  the  liberty  of  asking  you  to  communicate  this 
letter  to  the  members  of  the  Institution  of  which  you  are  a 
member,  and,  should  I  obtain  its  publication,  I  hope  my 
studies  will  be  known  by  all  your  learned  colleagues,  and 
contribute  to  enlighten  the  opinion  of  those  who  pursue  this 
branch  of  science. 

**The  letter  I  addressed,  on  the  2nd  of  April,  1884,  to 
Sir  John  Herschel  has  been  translated  into  English,  and  was 
sent  to  Sir  David  Brewster,  who  inserted  it,  on  the  24th  of 
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Aprils  1824^  in  the  20th  numher  of  the  Edinburgh  Review 
(page  S80),  in  which  I  expressed  an  opinion  that  the  cohesion 
of  the  bodies  constituted  on  the  surface  of  the  earth  may  be 
liable  to  attraction,  which  will  tend  to  join  in  their  centre  of 
gravity  the  composed  molecules.  I  also  explained  the  great 
difficulty  I  had  in  attaining  this  result.  Indeed^  if  the  par- 
ticles of  invisible  and  invaluable  bodies  could  maintain  their 
distances  by  the  same  laws  as  the  celestial  bodies,  the  former 
would  necessarily  be  perceived,  for  they  would  be  obliged  to 
collect  themselves  in  a  symmetrical  and  regular  manner  about 
their  centres  of  gravity,  and  make  their  movements  apparent 
to  our  senses.  I  have  understood  since  that  a  law  exists, 
unknown  to  me,  determinating  the  organised  parts  of  bodies 
to  keep  a  distance  and  to  preserve  the  permanent  forms  they 
exhibit.  Therefore  I  studied  incessantly  to  solve  a  question 
of  sogreait  an  interest,  and  in  1836,  after  twelve  years  passed 
in  study  and  meditation,  I  was  fortunate  enough  to  succeed. 
Indeed,  an  attentive  examination  of  the  manner  of  action 
exercised  reciprocally  by  the  particles  and  generally  by  all 
the  bodies  brought  this  result :  If  systems  of  two  or  several 
molecules,  being  comparatively  in  repose,  traverse  other 
systems  comparatively  in  movement,  the  former  separate  the 
latter  ftom  another,  losing  a  part  of  their  own  movement. 
Consequently,  the  question  of  cohesion  was  for  me  implicitly 
resolved ;  and,  after  eleven  years*  further  reflection,  I  began 
to  publish  (in  1848)  the  series  of  papers  I  have  read  in  the 
Institute,  and  in  which  I  proved,  under  the  name  of  Dis- 
tension, the  new  result  of  Newton's  attraction  applied  by 
myself. 

"  Then,  making  myself  better  acquainted  with  this  law,  I 
published,  in  1855,  a  large  volume  upon  cohesion,  and  in 
1869  another  upon  the  origin  and  propagation  of  force,  in 
which  I  have  perfectly  explained  these  principles,  trusting  to 
my  own  proofs  and  experience.  Moreover,  I  published  in 
1861,  in  the  form  of  a  letter  addressed  to  M.  Tramblay, 
director  of  the  Cosmos,  a  third  paper  in  reference  to  the  same 
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8u"bject.  But  yourself,  sir,  a  physicist  of  the  greatest  reputa- 
tion, and  who  have  ta^en  quite  a  different  direction  in  science 
not  attempted  by  any  other,  must  know  very  well  h6w  difficult 
it  iff,  even  for  those  who  sincerely  wish  the  triumph  of  truth, 
to  leave  ideas  and  old  practices  in  which  they  have  grown  up. 
To  attain  this  result  we  must  have  confidence  in  ourselves. 
New  ideas,  however  clear  and  judicious  they  may  be,  are 
never  adopted  immediately,  but  by  degrees,  so  that  those  who 
are  occupied  with  the  same  question,  already  explained  by 
their  predecessors,  fancy  themselves  the  discoverers  and 
authors.  After  several  generations,  however,  when  the  tomb  . 
is  closed  above  all,  historians  and  commentators  will  re- 
establish the  truth  of  the  facts  and  render  them  due  justice. 

"Mr.  Faraday,  your  fellow-countryman,  gave  me  that 
great  satisfaction,  and  his  powerful  testimony  has  paid  me 
more  than  I  ever  could  hope,  for  the  oblivion  with  which 
several  of  my  contemporaries  wished  to  cover  me,  who 
endeavoured  to  uphold  one  another  without  attaining  any- 
thing but  ridicule,  the  public  always  being  just  and  free  from 
prejudice,  even  if  the  question  is  above  their  intelligence. 

*^  Let  us  console  ourselves,  sir,  should  our  efforts  rest  in 
obscurity  and  not  be  valued  as  we  suppose  just;  let  us  be 
assured  that  those  who  will  follow  us  will  know  how  to  sift 
the  true  from  the  false,  that  they  will  adopt  the  one  and 
reject  the  other ;  and  that,  if  the  opinions  we  have  exhibited 
are  just  and  exact,  they  will  be  duly  valued  one  day.  But 
we  shall  not  cbtnplain  for  the  present  to  see  our  reputation 
injured  by  errors  we  have  incurred,  perhaps  at  the  first 
moment,  for  these  errors  will  have  the  definitive  result  of 
classing  us  according  to  merit  In  the  history  of  science. 
**  I  have  the  honour  to  be,  with  the  greatest  respect, 

"Su-, 
"  Your  most  obedient  humble  Servant, 

"Seguin,  Alni"' 
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In  connection  with  a  conversation   on   tlie   solutions   of 
(Kflerent  salts  with  which  almost  all  the  waters  in  England 
are  contaminated^  and  the  pradtical  evils  resulting  from  thesfe 
iidpurities  to  steam-hoilers,  Mr.  Spekcb  stated  that  various 
means  had  been  adopted^  with  only  partial  success,  for  pre- 
venting incrustation  on  boilers  caused  by  these  impurities. 
For  some  years  he  had  adopted  a  simple  plan^  which  rs 
perfectly  successful,  both  at  Goole,  where  the  Aire  and'Calder 
Canal  has  a  considerable  amount  of  lime  salts,  and  also 
at  his  Newton  works,  where  the  water  from  the  Rochdale 
Canal  is  not  only  impregnated  with  Kme  salts,  but  apparently 
also  with  sulphate  or  chloride  of  iron.    The  plan  is  as  follows : 
On  the  suction  part  of  the  water-pipe  by  which  the  boiler  is 
supplied,  that  is,  between  the  force-pump  and  the  canal,  a 
small  vessel  is  placed,  capable  of  containing  about  two  gallons 
of  water;  a  pipe  of  half  an  inch  diameter,  with  a  stop  cock, 
communicates  from  the  water-pipe  with -this  vessel;   every 
3ay  the  boiler  man  puts  into  this  vessel  lib.  or  l|lb.,  as  found 
sufficient,  of  soda  ash,  and  dissolves  it  in  w  ater  in  the  vessel, 
and  then,  when  pumping  into  the  boildr,  turns  the  small  cock, 
tod  in  three  or  four  minutes  all  the  solution  is  taken  up  and 
passed  through  the  force-pump  into  the  boiler,  and  this  is 
daily  repeated ;  the  consequence  is  that  not  the  slightest  crust 
^rms  on  the  boilers  and  no  chipping  is  ever  required,  the 
salts  being  all  decomposed  and  the  earthy  and  metallic  bases 
thrown  down  as  mud,  which  may  be  blown  off  or  cleaned 
out  periodically,  if  the  boiler  is   a  flued  one.     These  two 
boilers  are  cleaned  monthly,  and  a  broom  and  shovel  are  the 
only  tools  required.     The  plan  is  easily  adopted,  perfectly 
efficient,  and  very  generally  applicable. 

Dr.  JouLB  drew  attention  to  the  great  sacrifice  of  life  by 
steam-boiler  explosions.  He  believed  that,  in  nearly  every 
instance,  rupture  took  place  simply  because  the  iron,  by  wear 
or  otherwise,  had  become  unable  to  withstand  the  ordinary 
working  pressure.     Various  hypotheses  set  up  to  account  for 
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explosions  were  worse  than  useless^  because  they  diverted 
attention  from  the  real  source  of  danger.  He  believed  that 
one  of  these  hypotheses— that  which  attributed  explosions  to 
the  introduction  of  water  into  a  boiler  the  plates  of  which  are 
heated  in  consequence  of  deficiency  of  water,  was  quite 
inadequate  to  account  for  the  facts;  although  weak  boilers 
might  be  exploded  at  the  moment  of  starting  the  engine,  in 
consequence  of  the  swelling  of  the  water  through  renewed 
ebullition  throwing  hot  water  over  the  heated  plates.  The 
absolute  necessity  of  employing  the  hydraulic  test  periodically 
had  been  pointed  out  so  frequently  that  he  considered  that 
the  n^lect  of  it  was  highly  criminal. 

A  Paper  was  read  by  Mr.  Thomas  Hopkins,  M.B.M.S., 
"  On  the  Influence  of  the  Earth's  Rotation  on  Winds." 

In  this  Paper  the  Author  treated  of  the  opinion  generally 
entertained  by  writers  on  the  influence  of  the  rotation  of  the 
earth  on  winds  that  are  passing  over  its  surface,  and  proposed 
to  show  that  the  atmosphere,  in  passing  from  polar  towards 
tropical  latitudes,  is  not  left  behind  by  the  more  rapidly 
revolving  parts,  as  has  been  generally  maintained  by 
meteorologists.  In  doing  this  he  showed  that  air,^  going 
from  certain  slowly  revolving  polar  localities  to  others  that 
revolve  more  swiftly,  is  not  left  behind  in  the  way  that  has 
been  generally  supposed. 

Extracts  were  given  from  Kaemtz  and  Herschel's  Meteor- 
ology, to  show  that  these  writers  attribute  the  western 
direction  of  the  trade  winds  within  the  tropics  to  the 
increasing  rapidity  of  the  rotating  surface  of  the  globe  over 
which  they  successively  pass;  and  the  Author  maintained 
that  it  was  a  mere  assumption,  unsupported  by  evidence,  and 
was  proved  by  numerous  facts  to  be  erroneous. 

On  the  eastern  side  of  the  tropical  Atlantic,  in  the  Gulf  of 
Guinea,  air  passes  towards  the  east,  not  only  without  being 
left  behind  by  the  great  velocity  of  the  surface,  but  with 
additional  speed,  as  it  constitutes  a  wind  blowing  briskly 
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towards  the  east.  In  like  manner  western  winds  blow  on 
the  eastern  side  of  the  Pacific  ocean  within  both  the  northern 
and  southern  tropics,  and  must  therefore  rotate  eastward 
more  swiftly  than  the  surface  on  which  the  air  presses.  It' 
was  contended  that  the  cause  which  determined  the  air  con- 
stituting these  winds  to  rotate  faster  than  the  surface  of  the 
globe  that  was  beneath  them,  ought  to  be  considered  that 
which  makes  other  winds  pass  over  the  surface  when  they  do 
not  move  with  equal  rotatory  velocity,  and  are  therefore  said 
to  be  left  behind.  We  cannot  presume  that  there  are  two  sepa- 
rate causes  in  operation  to  create  these  winds  —  one  making 
them  move  faster  than  the  surface  which  supports  them,  and 
the  other  slower.  In  the  Indian  ocean  also,  as  well  as 
among  the  islands  of  the  great  East  Indian  Archipelago, 
strong  evidence  on  the  subject  is  to  be  found.  Thus  the 
north-western  monsoon,  and  other  similar  winds,  are  not  left 
behind  by  the  more  rapidly  rotating  equatorial  surface ;  and 
there  does  not  appear  to  be  any  reason  to  doubt  that  they  are 
made  to  rotate  faster  than  the  surface  over  which  they  are 
passing  by  the  same  cause  which  produces  all  other  winds, 
including  those  which  are  said  to  be  produced  by  being  left 
behind,^  It  was  also  pointed  out  that  in  both  the  Pacific 
and  Indian  oceans,  regular  season  winds  blow ;  in  one  season 
eastward,  making  the  air  pass  in  that  direction  more  rapidly 
than  the  surface  of  the  globe,  and  at  another  season  westward, 
when  the  air  must  move  less  rapidly  than  the  surface  revolves, 
and  is  therefore  left  behind ;  but  the  rotation  of  the  surface 
can  no  more  be  supposed  to  retard  one  of  these  winds  than 
that  it  can  accelerate  the  speed  of  the  other.  It  was  contended 
that  the  cause  of  all  such  winds  is  to  be  found  in  atmospheric 
vacua,  created  by  condensation  of  aqueous  vapours  and 
consequent  heating  and  expansion  of  the  gases  where  the 
heating  takes  place.  This  expansion  creates  a  partial  vacuum 
in  the  atmosphere,  into  which  neighbouring  air  rushes  to 
restore  the  disturbed  equilibrium  of  pressure ;  and  it  is  this 
rush  of  air  that  constitutes  all  winds,  whether  they  move  in  a 
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pirection  contrary  to  the  earth's  rotation  and  appear  to  be 
left  behind,  or  go  with  it  and  rotate  faster.  The  atmosphere 
appears  to  press  on  the  surface  of  the  globe  with  a  force  that 
causes  the  air  to  move  with  the  surface  in  its  rotation,  unless 
its  own  uniformity  of  pressure  is  disturbed,  when  gravitation 
comes  into  action  to  restore  the  equilibrium. 


PHYSICAL  AND  MATHEMATICAL  SECTION. 

November  13th,  1862. 

RoBBKT  WoRTHiNGTON,  Esq.,  F.R.A.S.,  President  of  the 
Section,  in  the  Chair. 

A  Paper  by  Mr.  Thomas  Heblis,  F.R.A.S.,  entitled 
"  Notes  of  Observations  on  ri  Argfts,"  was  read. 

In  this  the  Author  states  that  from  a  series  of  comparisons 
of  this  interesting  star  with  others  near  it,  carefully  made 
with  the  naked  eye  and  with  a  first-rate  opera  glass,  during 
a  voyage  in  the  South  Atlantic  and  Indian  oceans,  he  con- 
structed the  following  table :  — 

DATS.  ship's  place.  MAG.  OOMPABISON. 

1861. 

Deer.   7,4  a.in 2*»45'N    ISnCW 3  Equal  to  8  Crucis. 

Deer.  0,4a.m 0°44'N    19°58'W 35  

Decr.24,  9.30  p.m.. ..85«>54'S       4P2TW 3.5  

1862. 

Mar.  21,  9.30  p.m.... lOnS'N  112<*15'E 3  Equal  to  8  but  less 

than  y  Crucis. 

June  18,  7  p.m. 7®  I'S  79°20'E Leas  than  3...  Less  than  8  Crucis. 

June22  14«48'S  70°  S'E 3       

June  29,  7.30  p.m....24°47'S  53°56'E Greater  than  3.. 

July  11,  9  p.m 35°  3'S  25°14'E Less  than  8...  Less  than  8  Crucis. 

July  20,  6.37  p.m.... 28°48'S       9°54'E 3       

Jidy  21.  7  p.m 27°14'S       8°26'E Less  than  3... Less  than 8  Crucis. 

July  24,  8  p.m 22°2rS       3nrE 2-5    

July  27,8p.m. 19°44'S       0°18'W 3       

A  Paper  by  Mr.  Thomas  Heelis,  "On  Hydrometric 
Observations  of  the  Water  of  the  Mediterranean,"  was  read. 
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From  a  series  of  observations^  (a£Q^ted  by  the  observed 
temperature  of  the  water)  made  by  himself  in  the  Medi- 
tenanean,  the  Author  concluded — 

That^  from  the  gut  of  Gibraltar  the  specific  gravity  of  the 
water  decreases  towards  the  area  lying  between  Sicily  and 
the  Morea. 

From  Cape  Malea  the  specific  gravity  increases  as  one 
proceeds  up  the  Archipelago^  the  influence  of  the  current 
from  the  Black  Sea  being  hardly  felt  at  all  to  the  south  of 
Tenedos. 

The  creeks  and  bays  of  the  Greek  Islands  give  water  of 
very  high  specific  gravity^  such  gravity  increasing  with  the 
distance  from  open  water  and  being  independent  of  depth. 

In  the  Mediterranean,  water  taken  from  a  point  16  feet 
bdcm  the  surface  always,  except  in  one  instance,  gave  higher 
hydrometric  readings  than  surface  water,  and  the  temperature 
of  water  drawn  from  the  lower  station  was  generally  higher 
than  that  at  the  surfat^e.  In  the  Atlantic  no  difference  in 
specific  gravity  was  observed  in  water  taken  from  the  surface 
and  the  lower  station. 

llr.  Baxendell,  F.ItA.S.,  mentioned  the  foUovring 
obeervations  made  by  himself  and  Mr.  Bichard  Dale,  on 
October  24th,  1862,  at  Mr.  Worthington's  Observatory:— 

The  night  was  remarkably  clear ;  there  was  no  moon,  nor 
any  decided  indication  of  aurora  in  the  north ;  but  there  was 
80  much  light  in  the  atmosphere  that  the  country  aroimd 
could  be  distinctly  seen,  and  houses  and  hedgerows  at  a 
distance  clearly  perceived.  This  apparent  luminosity  of  the 
atmosphere  continued  for  two  hours,  and  the  night  then 
became  very  dark,  but  still  remained  very  clear.  Mr. 
Bazendell  afterwards  noticed  that  objects  at  a  distance  were 
leen  much  more  distinctly  on  this  occasion  than  when  the 
moon  was  seven  days  old. 
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MIOBOSCOPIOAL      SBGTION. 

November  17th,  186S. 

J.  G.  Lyndb,  F.G.S.,  M.  Inst.  C.E.,  in  the  Chair. 

Capt.  Bakdall,  late  of  the  barque  "  Brazil,"  forwarded 
eight  soundings,  taken  on  the  north  coast  of  the  Brazils. 

Mr.  Thos.  Heblts  presented  a  specimen  of  the  Echeneis 
Bemara,  or  sucking  fish. 

Mr.  J.  Parbt  presented  a  number  of  cells  and  rings  in 
cardboard ;  they  were  very  smooth  and  sharply  cut,  without 
the  bur  usually  produced  by  punching  out  cells.  Mr.  Parry 
explained  they  were  cut  in  a  lathe,  twenty  to  thirty  t(^ther, 
the  outside  cuttings  only  presenting  an  appreciable  bur. 

Dr.  BoBBRTB  called  attention  to  the  aid  that  might  be 
received  in  the  examination  of  the  structure  of  animal  and 
vegetable  tissue  by  the  use  of  colouring  materials.  Magenta 
is  peculiarly  adapted  for  this  purpose,  in  consequence  of  its 
solubility  in  simple  water  and  its  inert  chemical  character. 
The  nuclear  structures  of  animal  cells  are  deeply  tinted  by 
magenta,  and  by  its  use  the  nuclei  of  the  pale  *  blood 
corpuscles,  of  pus  globules,  #f  the  renal  and  hepatic  cells, 
and  of  all  epithelial  structures,  are  brought  out  in  great 
beauty,  tinted  of  a  bright  carbuncle  red.  The  red  blood  discs 
ar^  tinted  of  a  fkint  rose  colour,  and  a  darker  red  speck,  not 
hitherto  noticed,  is  to  be  observed  on  the  periphery  of  the 
corpuscle;  it  undergoes  some  changes  when  treated  with 
tannin  and  subsequently  with  caustic  potash,  but  this  point 
is  still  under  investigation. 

Dr.  Boberts  exhibited  dravnngs  and  mounted  specimens  to 
illustrate  his  views. 

Mr.  John  Leigh,  M.B.C.S.,  exhibited  a  case  of  micro- 
scopical dissecting  instruments,  by  Messrs.  Wood,  of  Man- 
chester, which  were  highly  approved  of  for  completeness  and 
finish. 

Mr.  Thos.  H.  Nevill  exhibited,  with  dark  ground 
illumination,  some  fine  specimens  of  Conochilus  vohox. 
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Ordinary  Meeting,  December  SOtl^  1862. 
E  W.  BiNiTET,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Samuel  Ogden  was  elected  an  Ordinary  Member  of 
the  Society. 

Mr.  T.  T.  Wilkinson,  F.R.A.S.,  said  that,  in  a  Paper 
"On  the  Burnley  Coal  Field,"  prepared  by  Mr,  Joseph 
Whitaker,  of  Burnley,  and  himself,  and  read  before  the 
Oeolo^cal  Sectien  of  the  British  Association,  at  Manchester, 
they  gave  a  sketch  of  the  principal  mines  in  this  district,  but 
they  purposely  omitted  all  mention  of  those  whose  thickness 
m  not  exceed  one  foot.  There  are,  however,  one  or  two  of 
these  thinner  mines  which  may  hereafter  become  worthy  of 
votice,  and  hence  he  offered  the  present  note  as  an  addition 
to  lb.  Hall's  valuable  synopsis  in  pp.  188 A  of  his  ''Coal 
Rekb  of  Gteat  Britain.'' 

I'BOOBBiyxxos-Lrr.  akd  Phil.  8ocibtt— Ho.  5.— Session  1862-8. 
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Section  of  Strata  nkak  Worsthorne,  Burxley. 

Strata,  composed  principally  of  blue  clay,  followed 

by  light  metals 102    feet. 

1.  Cba7,  the  "China  Bed" 2     „ 

Strata,  consisting  chiefly  of  grey  rag  and  metals    39     „ 

2.  Coaly  the  bed  not  named,  and  overlaid  by  about 

three  inches  of  cannel,  together •  • . .  1 J  „ 

Strata,  composed  mainly  of  dark  rag  and  metal 

seating.  •«••.. .  .%.\  .......  • *-...»  73  „ 

8.  Cfaa/,the/'DanbyBed'\.. ....•...• ^  „ 

Strata,  consisting  of  mg^  light  blue  rock,  metals, 

and  black  shales 136  „ 

4.  Coal,  the  Arley,  or  Habergham  mine  ........  41  „ 

The  bed  (2)  is  the  one  which  has  been  hitherto  omitted ; 
and,  if  of  no  other  value  at  present,  it  may  be  useful  for  co- 
ordination and  identification  with  the  seams  of  coal  in  other 
localities.  . 


A  Paper  was  read  by  Edward  Hxtll,  BA;^  RG.S;,  '*0n 
the  New  Red  Sandstone  and  Permian  Formations  as  Sources 
of  Water  Supply  for  Towns.";  ,      . 

The  Paper  commenced  by  pointing  to  the  advantage 
enjoyed  by  most  of  the  large  towns  of  the  central  counties 
from  their  geological  position,  when  built  on  the  lie  w  red  sand- 
stone. First,  from  being  in  proximity  to  <^al ;  second,  from 
haying  a  dry  foundation ;  third,  from  having  eaiSy  accesa  to  ' 
building  stone;  and,  fourth,  from  the  &ct  of  their  resting^ 
upon  natural  reservoirs  of  water  stored  up  in  the  sandstone 


33 

itself.  The  Author  considered  that  many  of  these  towns  had 
Dot  taken  full  advantage  of  this  last-named  source  of  water 
supply,  partly  from  a  distrust  of  the  resources  of  the  rock,  and 
partly  from  the  failure  sometimes  sustained  in  consequence 
of  the  positions  for  the  wells  having  been  selected  without  a 
proper  regard  to  the  geological  structure  of  the  country. 

The  excellence  of  the  new  red  sandstone  and  the  lower 
permian  sandstone  as  sources  of  water  supply,  was  shown 
to  depend  upon  three  qualities.  1.  Their  porousness;  2. 
Homogeneity,  or  uniformity  of  structure  and  composition; 
8.  Filtering  powers.  Each  of  these  were  treated  of  in  detail^ 
and  with  examples  from  several  wells  in  Lancashire  and 
Cheshire.  The  Author  then  referred  to  the  failure  of  the 
attempts  to  obtain  fresh  water  at  Rugby,  and  a  sufficient 
snpply  at  Wolverhampton;  and  he  maintained  that  an 
ahnndant'  supply  might  have  been  found  at  the  latter  town 
had  the  position  for  the  well  been  selected  with  due  regard  to 
the  geological  structure  of  the  country. 

The  Author  then  proceeded  to  lay  down  certain  rules  of 
general  application  for  the  selection  of  proper  sites  for  wells, 
and  illustrated  the  subject  by  reference  to  a  well  now  being 
8nnk  under  his  direction  at  Whitmore,  for  the  supply  of  the 
nulway  works  and  town  of  Crewe.  The  position  of  the  well 
ia  in  a  trough^  both  geographically  and  topographically,  and 
on  a  four-inch  bore  hole  being  sunk  to  a  depth  of  148  feet  the 
water  ascended  to  the  surface  with  a  head  of  four  feet,  and 
has  continued  to  flow  without  diminution  for  the  last  six 
months.  The  well,  which  is  being  made  within  100  yards 
of  the  bore  hole,  has  only  reached  a  depth  of  60  feet,  but 
aheady  yields  260,000  gallons  per  day. 
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In  conclusion,  the  Author  expressed  his  conviction  that  the 
question  of  water  supply  from  the  strata  was  becoming  every 
day  more  a  geological  one,  just  as  was  the  discovery  of  coal 
beneath  the  formations  which  overlie  the  coal-measures* 
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Ordinary  Meeting,  January  13,  1863. 


E  W.  BiNNBY,  F.R.S.,  F.G.S.,  President,  in  the  chair- 

The  Pbksident  said: — In  a  very  valuable  work  lately 
published  by  that  eminent  geologist  Dr.  Geinitz,  of  Dresden, 
entitled,  "  Dyas,  or  the  Magnesian  Limestone  Formation  and 
the  Lower  New  Red  Sandstone,"  the  Author,  whom  I  have 
had  the  pleasure  of  accompanying  over  some  of  the  permian 
deposits  of  South  Lancashire,  has  done  me  the  honour  to 
allude  to  two  Papers  of  mine,  *^  On  the  Permian  Deposits  of 
the  North-West  of  England,"  printed  in  Vols.  XII.  and 
XIV.,  Second  Series,  of  the  Society's  Memoirs. 

At  page  813  of  the  above  work  the  Author  says,  "  Through 
Mr.  Binney  we  have  become  acquainted  with  true  Roth- 
liegende,  and  indeed  of  its  upper  portion  in  the  region  of  the 
lower  red  sandstone  of  the  north-west  of  England.  That 
accurate  observer  mentioned  to  me  that  the  reddish  gray 
sandstone  underlying  it,  and  which  is  very  similar  to  the 
bwer  red  sandstone  of  the  north-east  of  England,  contains 
plants  of  the  coal  measures,  and  that  it  occupies  even  a  lower 
position  than  certain  limestones  of  the  coal  measures  which 
are  rich  in  ichthyolites.  I  have  myself  seen  from  the  reddish 
sandstone  of  Astley,  near  Manchester,  Catamites  approxi- 
maiui  Schl.^  and  Catamites  Suckozoi  Brongn. ;  from  the  red 
shales  at  Ardwick,  Manchester,  Sagenaria  dichotoma  Stemb., 
Catamites  Suckom  Brmg.,  Sphenopteris  irregularis  Sternb.j 

PiociiDnfos-LiT.  AKD  Phil.  Societt— No.  6.— Session  1862-3. 
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Sphenopteris  coralloides  Gutb.,  Dictyopteiis  neuropi&roides 
Gutb.,  Oyatheites  villosus  Brmg.,  Cyatheites  oreopteroides 
Gopp.,  and  Alethopteris  lonchitides  Sterab.,  all  true  coal 
plants."* 

No  one  more  than  the  learned  Author,  I  am  sure,  would 
like  any  mistake  to  be  corrected.  Now,  in  the  statement 
that  "the  reddish  gray  sandstone  underlying  it  (the  true 
Rothliegende),  and  which  is  very  similar  to  the  lower  red 
sandstone  of  the  north-east  of  England,  contains  plants  of  the 
coal  measures,"  the  Doctor  is  quite  correct;  but  when  he 
proceeds  to  state  "that  it  (the  true  Rothliegende)  occupies 
even  a  lower  position  than  certain  limestones  of  the  coal 
measures  which  are  rich  in  ichthyolites,"  the  Author  has 
misunderstood  me  by  apparently  confounding  the  ribbon 
beds  of  limestone  in  red  marls  lying  above  the  pebbly  beds 
at  Astley  with  the  upper  carboniferous  limestones  at  Ard- 
wiek,  and  then  stating  that  such  pebble  beds  occupy  an 
inferior  position  to  the  latter.  It  is  certain  that  the  Astley 
pebble  beds  containing  coal  plants  occupy  a  higher  geological 
position  than  the  red  shales  which  the  Doctor  truly  states 
also  contain  true  coal  plants.  How  much  higher  it  is 
impossible  to  say,  as  it  is  most  probable  there  are  higher 
carboniferous  strata  than  those  yet  seen  at  Ardwick,  and 
there  may  be  permian  strata  lower  than  those  up  to  this  time 
met  with  at  Astley  —  at  present  we  cannot  tell. 

As  the  permian  group  of  strata  is  now  occupying  the 
attention  of  geologists  both  in  England  and  on  the  Continent, 
the  following  table  of  the  beds  in  the  north-west  of  England, 
with  their  approximate  thicknesses,  as  seen  at  Shawk,  west 
of  Carlisle,  Westhouse,  south  of  Kirkby  Lonsdale,  and  Man- 
chester, in  the  descending  order,  may  be  acceptable. 

•  For  the  tranglation  of  this  extract  T  am  indebted  to  the  kindnesa  of 
Mr.  Ekmftn, 
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L^Lsminatad  and  fine  grainod  red  sand- 
ttones  

2.  Bed  and  Tariegated  marls  containing 
lometimaft,  but  not  always,  beds  of 
limestone  and  gjpeum,  with  fossil 
sheDs  of  the  genera  ScMzodut^  Bake- 
veUioL,  &o 

8.  Conglomerate 

4.  Lower  new  Ired  sandstone,  generallj 

■oft  and  incohevent 

5.  Bedahalydajs 

6.  Astley  pebble  beds,  containing  com- 

mon eoal  plants,  termed  hy  me  lower 
penman 


Feet. 
800 


!►     160 
4 

I  ' 

not  seen 
>  not  seen. 


.WKSTHOU8B. 


Feet, 
not  seen. 


traces  of 
them  seen. 


800 
500 
250 

not  seen. 


MANCHXSTBIL. 


Feet, 
not  seen. 
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Mr.  Spence  brought  under  the  notice  of  the  society  a 
fpecimen  of  the  metal  magnesium.  This  metal  has  hitherto 
been  produced  only  in  small  quantities^  by  means  of  sodium. 
The  specimen  shown  derived  its  interest  from  the  fact  that  it 
is  stated  to  have  been  produced  by  direct  reduction,  either 
from  the  oxide  or  some  of  its  salts. 

If  this  information,  which  has  been  obtained  through  a 
friend  of  the  inventor,  proves  correct,  it  is  a  matter  of 
considerable  importance,  as  the  metal  has  most  valuable 
qualities. 

Professor  Boscob  read  the  following  extract  from  a  letter 
which  he  had  just  received  from  Professor  Bunsen,  respecting 
the  properties  of  metallic  rubidium: — ^'^I  have  prepared 
metallic  rubidium  by  reduction  with  carbon  in  an  iron  vessel ; 
from  75  grammes  of  the  bitartrate  of  rubidium  I  obtained  5 
grammes  of  the  metal  in  coherent  masses,  one  of  which 

•  The  first  four  strata  of  the  abore  series,  Professor  Harkness,  F.B.S.,  in  a 
fine  natmal  section  seen  at  Hilton  Beck,  north  of  Brough,  estimates  to  be  of 
800O  feet  in  thicknese.  —  Qwar^^  Journal  of  the  Qeolo^icdl  Society  ior 
AngQft,  1862. 
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weighed  S  grammes.  Bubidium  closely  resembles  potassium 
in  its  properties,  its  vapour  possesses  a  greenish  blue  colour, 
the  specific  gravity  of  the  metal  is  I'GS,  it  is  more  electro- 
•  positive  than  potassium,  and  it  melts  at  the  very  low  tempera* 
ture  of  88-50  C." 

In  reference  to  the  age  of  the  New  South  Wales  coalfield, 
Mr.  Edward  Hull  stated  that  he  had  received  letters  from 
the  Rev.  W.  B.  Clarke,  who  has  for  many  years  been  engaged 
in  its  exploration,  and  from  Mr.  John  Mackenzie,  who  has 
had  considerable  experience  as  a  mining  surveyor  in  Wigan 
and  North  Wales.  It  is  well  known  that  Mr.  Clarke  main- 
tains the  Palaeozoic  ago  of  the  carbonaceous  deposits  of  New 
South  Wales,  in  opposition  to  Professor  M*^Coy,  who  -holds 
that  they  are  of  more  recent  formation  (Mesozoic).  As 
Professor  M^-Coy  has  never  actually  visited  the  New  South 
Wales  coalfield,  and  derives  his  information  from  cabinet 
specimens,  men  of  science  will  probably  prefer  the  evidence 
of  one  who  has  spent  years  in  personally  exploring  and 
collecting  from  the  beds  themselves.  In  Mr.  Clarke's 
Memoir  on  the  '^  Recent  Geological  Discoveries  in  Austral- 
asia" (2nd  edit.),  the  author  defends  his  view  of  the  Palaeozoic 
age  of  the  caal-bearing  strata;  and  in  the  letter  from  Mr. 
Mackenzie,  the  writer  gives  the  following  series  of  fossiliferous 
strata  overlying  the  coal  and  cannel  belonging  to  the  Hon. 
B.  Russell,  which,  if  correct  (as  there  is  every  reason  for 
supposing),  ought  to  set  the  question  at  rest  in  favour  of  the 
true  Carboniferous  age  of  the  coal-measures.  He  states — "  In 
a  pit  above  this  coal  are  strata  with  FenesteUay  Stenopora,  Or- 
thonota  costata,  Spirtfer,  Producta,  Terebratula,  &c.  In  a  pit 
about  100  feet  below  the  same  coal  occur  Spirtfer,  Producta, 
Conularia,  and  vegetable  impressions ;  about  60  feet  lower, 
S^rifer,  Terebrattda,  Pleurotomaria,  Stenopera ;  and  similar 
shells,  accompanied  by  vegetable  remains,  are  stated  to  occur 
still  lower.  Mr.  Mackenzie  promises  to  send  specimens  of 
Lepidodendron  and  SigiUaria  from  the  same  beds. 
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f  Dr.  JoxjLB  described  a  peculiar  kind  of  mirage  which  he 

•  had  i^taessed  from  the  northern  extremity  of  Douglas  Bay, 

Isle  of  Man,  and  at  an  elevation  of  20  feet  above  the  surface 
of  the  -water.  At  about  9  a.m.  a  number  of  chimneys  in  the 
town  were  fixed,  and  the  products  of  combustion  were  driven 
out  to  sea  by  a  very  gentle  breeze.  Presently  the  wind 
changed  and  drove  the  smoke  at  right  angles  to  its  former 
track.  The  steamer  for  Liverpool  had  in  the  meantime 
attained  a  distance  of  about  three  miles,  and,  although  some- 
what obscured,  was  distinctly  visible  through  the  smoke. 
Noticing  something  extraordinary  in  her  appearance,  he 
viewed  her  through  a  telescope,  and  then  observed  that 
nearly  the  whole  of  the  hull  was  obscured  by  the  horizon,  the 
uppermost  part  of  the  paddle-boxes,  the  bowsprit,  and  tafferel 
being  alone  visible,  whilst  at  the  same  time  the  masts  and 
funnel  appeared  considerably  elongated.  Quarter  of  an  hour 
afterwards,  when  the  smoke  had  cleared  away  and  the  steamer 
was  about  seven  miles  distant,  the  hull  was  seen  as  usual, 
quite  unobsciured  by  the  horizon.  Dr.  Joule  attributed  the 
phenomenon  to  a  stratum  of  highly  refractive  gases,  lying 
about  20  feet  above  the  level  of  the  sea  and  gradually  diluted 
and  diminished  in  extent  on  its  upper  and  lower  sides,  so  as 
to  produce  the  effect  of  a  convex  lens. 

Dr.  Ahgus  Smith  said :  I  saw  once  a  very  remarkable 
instance  of  the  diversion  of  the  rays  of  light  from  the  straight 
line.  Although  fogs  are  common  on  our  hills,  I  have  met  no 
instance  of  similar  exaggeration  of  effect  among  us.  I  went 
with  some  friends  up  Skiddaw,  and  near  the  top  entered  a 
cloud  which  prevented  us  from  seeing  many  yards  before  us, 
although  it  was  not  extremely  Sark.  "When  moving  over 
those  loose  stones  which  form  a  highway  to  the  summit  for 
a  considerable  distance,  we  observed  a  building  which 
appeared  to  us  about  fourteen  feet  high.  The  side  towards  us 
seemed  to  be  a  wall  nearly  square,  and  we  took  it  for  granted 
that  the  top  of  the  hill  was  attained  and  that  the  foremost 
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of  the  party  would  be  found  there ;  but  as  we  approached 
the  building  sank^  and  in  the  course  of  a  few  steps  it  went 
downwards  until  we  found  that  there  were  only  three  layers 
of  stones  not  very  thick,  and  the  whole  under  two  feet  high. 
The  disappearance  must  have  occurred  within  the  space  of 
twenty  feet;  my  present  impression  is  that  it  was  less. 
Further  on  we  attained  the  man  at  the  summit,  and  the 
cloud  became  denser ;  we  could  not  see  many  feet,  and  I  did 
not  think  it  safe  to  move  from  the  spot  for  some  time,  not 
knowing  the  locality.  Sitting  there,  I  saw  four  perpendicular 
lines  on  the  cloud ;  I  looked  up  and  found  that  they  terminated 
in  the  body  of  an  animal  which  was  moving  slowly  towards 
us.  The  distance  could  not  be  measured,  except  by  the 
number  of  steps  taken  by  the  animal,  and  from  these  I  con- 
cluded that  when  first  seen  it  was  from  twelve  to  twenty  feet 
from  us ;  I  looked  on  twelve  as  being  most  probable.  I  do 
not  exaggerate  when  I  say  that  the  height  was  in  appearance 
thirty  feet.  Wondering  what  was  to  be  the  end  of  this 
strange  vision,  I  called  the  attention  of  all,  but  the  animal 
diminished  in  size  so  rapidly  that  only  one  or  two,  who 
instantly  attended  to  my  call,  could  perceive  the  monstrous- 
ness  of  the  exaggeration  of  form  now  presented  by  a 
moderately-sized  pointer.  On  coming  up  to  the  more 
advanced  portion  of  our  party,  they  were  enlarged  and 
distorted,  as  we  often  hear  described;  but  such  effects  are 
comparatively  common,  and  they  are  not  to  be  compared 
with  the  two  instances  mentioned.  The  first  was  seen 
with  my  face  towards  the  sun  nearly.  It  was  about  midday. 
The  second  phenomenon  was  seen  twenty  minutes  later, 
when  looking  nearly  nortfi. 

Although  I  have  lived  much  in  sight  of  Morven,  where 
one  might  expect  to  see  the  **  spirit  of  the  mist  on  the 
hills,"  I  had  not  seen  anything  similar  before,  nor  have  I 
gained  from  the  shepherds  that  such  things  are  common. 
Perhaps  if  they  were  common,  Ossian's  ghosts  would  be  less 
imposing. 
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MICBOSCOPIOAL  SECTION. 
15th  December,  1862. 
Mr.  J.  G.  Lyndk,  F.G.S.,  M.  Inst.  C.  E.,  in  the  chau-. 
Mr.  Alfred  Fryer  was  elected  a  member  of  the  Section. 

Captain  Moodib,  of  the  R.M.S.S.  "Canada,"  presented 
two  soundings  taken  off  Nova  Scotia.  Captain  Tho^ias 
Millard,  of  the  barque  "First  of  May,"  presented  speci- 
mens of  anchor  mud  from  Montego  Bay  and  the  harbours  of 
Kingston  and  Port  Royal,  Jamaica;  also  a  sounding  from 
the  banks  of  Newfoundland. 

The  Chairman  stated  that  he  was  led  to  pursue  Di\ 
Roberts's  suggestions  on  the  use  of  magenta  dye  in  examining 
tissues.  From  experiments  made  since  the  last  meeting  of 
the  Section,  he  finds  that  the  dye  has  no  power  to  colour 
living  tissue,  whether  animal  or  vegetable,  but  that  as  soon 
as  life  is  extinct  the  action  of  the  dye  commences.  He  is 
continuing  the  experiments,  which  are  of  a  most  interesting  ' 
character,  and  he  hopes  to  lay  the  result  before  the  next 
meeting  of  the  Section. 

Mr.  Leigh  considered  it  probable  that  so  long  as  vital 
action  continued,  ordinary  cndosmosis  could  not  take  place. 

Mr.  MosLEY  said  that  Mr.  Hepworth  had  frequently  tried 
magenta  for  injections,  and  the  results  were  not  satisfactory, 
as  the  colouring  matter  diffuses  itself  through  the  whole  of 
the  tissues,  giving  an  appearance  of  dyed  flesh  rather  than 
that  of  injected  preparations.  This  appears  to  confirm  the 
preceding  observations,  and  to  account  for  the  accumulation 
of  colour  where  the  integument  is  thickest,  by  means  of  which 
Dr.  Roberts  discovered  the  spot  on  the  red  blood  discs,  as 
announced  at  the  previous  meeting. 

Mr.  Leigh  drew  the  attention  of  the  Section  to  the  adul- 
teration of  size  as  a  cause  of  mildew  in  cotton  goods. 

Mr.  Watson  named  the  investigations  made  by  Mr. 
Thompson  about  twenty-five  years  ago,  as  to  the  cause  of 
mildew  in  madder  purple-printed  cottons  shipped  to  hot 
climates.  It  was  attributed  to  the  starch  employed  in  finish- 
ing the  goods,  which,  acted  upon  by  moisture,  heat,  and 
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pressure^  had  given  rise  to  an  organic  acid  which  discharged 
the  colour. 

Mr.  HuEST  described  his  experience  of  mildew  on  printed 
cottons  and  upon  dyed  fustians,  at  Gibraltar  and  Calcutta. 
In  most  cases  it  appeared  in  spots  and  round  patches,  which 
affected  the  colours.  On  the  fustians,  he  had  no  doubt  it 
was  caused  by  the  growth  of  a  fungus,  as  the  surface  of  the 
spots  was  sensibly  raised. 

Mr.  MosLEY  considered  there  might  be  several  kinds  of 
mildew ;  that  upon  the  fustians  might  be  attributed  to  the 
bone  size  with  which  those  goods  were  generally  finished, 
and  known  by  the  characteristic  smell.  Mr.  Mosley  also 
exhibited  a  pattern  of  grey  calico,  which  had  become  dis- 
coloured and  quite  rotten  in  irregular  patches,  from  mildew ; 
it  had  lain  for  some  time  in  a  damp  place,  under  pressure ; 
there  was  this  peculiarity  about  it,  that  the  coloured  patches 
whilst  damp  were  quite  tender,  but  on  exposure  to  the  air 
*nd  drying,  the  cloth  had  recovered  its  strength. 

Mr.  Heys  remarked  that  twenty  years  ago  he  was  engaged 
in  the  manufacture  of  fine  muslins;  it  was  usual  to  soak  the 
weft  in  soap  suds  to  facilitate  the  weaving;  and  it  was  found 
the  cloth  was  most  liable  to  mildew  during  hot,  close,  summer 
weather,  and  the  greater  the  quantity  of  goods  heaped  together 
the  more  rapidly  would  mildew  set  in.  The  flour  from  which 
the  size  was  made  was  always  the  best  that  could  be  purchased. 

Mr.  Heys  exhibited  mounted  specimens  of  the  fibres  of  the 
Zostera  Marina,  and  stated  that,  as  the  fibre  is  considerably 
finer  than  the  finest  Sea  Island  cotton,  it  might  probably  be 
of  use  in  the  manufacture  of  fine  muslins  for  ladies'  dresses, 
if  possible  to  obtain  a  supply,  and  separate  the  fibre  from  the 
plant  by  machinery.  Mr.  Heys  also  exhibited  mounted 
specimens  of  Queensland  cotton,  lately  sold  at  five  shillings 
per  pound ;  the  fibre  is  very  regular  in  size  and  much  more 
cylindrical  than  other  cottons ;  also  several  specimens  from 
ripe  and  unripe  pods,  and  Mr.  Heys  expressed  the  opinion 
that  great  advantage  would  arise  from  a  regular  and  careful 
examination  of  cotton  fibre  taken  fresh  from  the  plant  through 
every  stage  of  growth. 
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Ordinary  Meeting,  January  27tb,  186S. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

The  President  said  that  during  the  last  few  years  the 
MS.  papers  of  the  late  Mr.  Sturgeon,  the  electrician,  and 
Professor  Eaton  Hodgkinson,  F.R.S.,  had  been  presented  to 
the  Society,  and  were  now  deposited  in  its  archives.  The 
Council  had  resolved  to  collect,  as  far  as  possible,  all  MSS, 
by  the  late  illustrious  President  of  the  Society,  Dr.  Dalton. 
He  thought  that  this  Society  was  the  most  proper  depository 
for  the  scientific  papers  or  correspondence  of  any  of  its  deceased 
members.  As  it  was  probable  that  members  and  other 
parties  might  possess  papers  and  correspondence  of  the  late 
Dr.  Dalton,  he  hoped  that  they  would  be  induced  to  present 
them  to  the  Society.  He  was  sure  that  their  excellent 
Librarian  would  devote  great  care  in  cataloguing  and 
arranging  the  papers,  and  that  they  could  not  be  in  better 
custody  than  in  the  Society  with  which  that  illustrious 
philosopher  had  been  connected  for  so  long  a  period  of  his 
life. 

Mr.  Ba&bndbll,  referring  to  the  nebula  discovered  by 

Mr.  Hind,  in  1852,  in  the  constellation  Taurus,  but  which 

has  since  disappeared ;  and  to  the  variable  star  near  its  north 

following  edge,  stated  that  he  had  lately  found  that  another 

Pboceedikos— Lit.  and  PiriL.  Sooibtt^No.  7.— Session  1862-8. 
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star,  distant  only  about  nineteen  minutes  of  arc  from  the 
place  of  the  nebula,  was  also  variable.  His  'bbservations  of 
the  brightness  of  this  star  were  as  follow: — 

1862.— March  19.  =     10*4  magnitude. 


October  18.  =  lO'l 

November  15.  =  9*9 

December  26.  =  96 

1863 January  23.  =  9*2 


I'hese  numbers  show  an  apparently  progressive  increase 
of  brightness;  but  it  is  not  improbable  that  a  minimum 
occurred  during  the  summer  months^  at  which  time  no 
observations  could  be  made,  owing  to  the  star's  proximity  to 
the  sun;  and  therefore  the  actual  range  of  variation  may 
have  been  greater  than  that  indicated  by  these  observations. 
This  star  is  No.  705,  Zone  +  19°,  of  Professor  Argelander's 
Bonner  Siemverzeichniss,  where  its  magnitude  is  stated  to 
be  9'4.     Its  approximate  mean  place  for  1860*0  is 

R.A.  4h.  13m.  40s.     Declination  north,  19°  28^-9. 

According  to  Professor  Argelander's  system  of  nomencla-^ 
ture  this  variable  will  be  called  U  Tauri, 

Mr.  Baxendell  also  communicated  the  following  observa* 
tions  of  the  variable  star  near  the  edge  of  the  nebula 
(T  Tauri)  :— 

1862.— March  19.          T  n     103  magnitude. 
October  18.         below  12-5 


November  15.  =  126 

16.  =  12-6 

December  26.  =  127 

1863.— January  28.  =  121 
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From  the  lust  observation  it  would  appear  that  T  Taitrt, 
after  being  at  a  minimum  for  some  time,  is  now  brightening 
up  again ;  and  judging  from  the  course  of  its  changes  in  the 
early  part  of  last  year,  a  maximum  may  be  expected  to  occur 
withm  the  next  two  months. 

A  Paper,  by  Mr.  Thos.  Heblis,  "  On  Swell  Observed  at 
Sea,  particularly  in  the  Regions  of  the  South-east  Trade 
Wind,"  was  then  read,  in  which  the  Author,  after  examining 
the  causes  of  swell  and  giving  instances  and  especially  alluding 
to  the  rollers  at  Ascension,  St.  Helena,  and  Tristan  d*Acunba, 
gave  some  instances  of  the  observed  succession  and  order  of 
the  undulations  in  altitude  and  of  the  speed  of  translation 
of  the  crests,  which  in  one  instance  he  had  found  to  attain 
twenty-two  miles  per  hour ;  and,  after  setting  forth  a  table 
of  different  instances  of  swell  chiefly  in  the  Atlantic  and 
Indian  Oceans,  and  Bay  of  Bengal,  addressed  himself  to  the 
ccmsideration  of  the  swell  which  is  frequently  observed  in 
tropical  latitudes  in  the  southern  hemisphere  to  toll  up  from 
the  southward.    This  he  attributed  to  the  action  of  currents 
setting  especially  in  the  Indian  Ocean  from  the  neighbour- 
bood  of  the  southern  tropic,  towards  the  great  connecting 
current  which  extends  from  the  Cape  of  Good  Hope  id 
Australia.     The  Author  gave  instances  of  these  currents 
experienced  in 

$5%T  S.  19^1(y  E.  running  south  27  miles  in  24  hours* 

28^'S.  8P18'E.      „  „    27        „ 

26^42' S.  81^45' E.      „  „    23 

23^8'  S.  S3?l(y  E.     „        S.  50°  E.  42  „  „ 
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and  called  attention  to  the  difference  between  them  as 
actually  experienced,  and  the  set  of  the  water  as  laid  down 
upon  general  current  charts,  the  peculiar  circulation  which 
they  shewed  to  exist  at  times  in  the  Indian  Ooean^  and  the 
meteorological  disturbances  which  the  causes  which  set  such 
currents  in  motion  cannot  fail  to  originate. 
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Ordinary  Meeting,  February  10th,  1868. 

E.  W.  BiNNEY,  F.R.S.,  P.G.S.,  President,  in  the  Chair. 

Mr.  G.  Stanley  Darbishire  was  elected  an  Ordinary 
Member  of  the  Society. 

Among  other  donations  which  received  the  thanks  of  the 
Society,  Mr.  Parry  presented  a  volume  of  MS.  Lectures  on 
Chemistry,  by  Mr.  Thomas  Henry,  one  of  the  founders  of 
the  Society,  and  the  fiather  of  the  late  Dr.  William  Henry, 
the  celebrated  chemist. 

Dr.  Joule  described  a  barometey  for  measuring  small 
atmospheric  disturbances.        It  consists  of  a  large  carboy 
connected  by  a  glass  tube  with  a  miniature  gasometer  formed 
by  inverting  a  small  platinum  crucible  over  a  small  vessel  of 
water.     The  crucible  is  attached  to  the  short  end  of  a  finely 
suspended  lever  multiplying  its  motion  six  times.     When  the 
apparatus  was  raised  two  feet  the  index  moved  through  one 
inch ;  hence  he  was  able  in  serene  weather  to  observe  the  effect 
corresponding  to  the  elevation  of  less  than  one  inch.     The 
barometer  is  placed  in  a  building,  the  slated  roof  of  which 
affords,  without  perceptible  draught,  free  communication  with 
the  external  atmosphere.     In  this  situation  it  was  found  that 
the  slightest  wind  caused   the    index   to  oscillate,   a  gale 
occasioning  oscillations  of  two  inches,  an  increase  of  pressure 
being  generally  observed  when  the  gusts  took  place. 

Dr.  Clay  exhibited  a  specimen  of  the  Snake  Nut,  the  fruit 
of   the     Ophiocaryon  paradoxum    fSchomh,).      Nat.   ord. 
Pbooeedinoi— Lit.  akd  Phil,  Socnmr— No.  8.— Session  18C2-3, 
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Sapindaceae,  from  British  Guiana.  For  a  description  of 
the  Snake-Nut  Tree,  see  Ann.  Nat,  Hist,  vol.  v.,  p.  202 
(1840). 

Mr.  Joseph  Sidebotham  exhibited  a  cornelian  pebble 
with  a  cavity  containing  a  globule  of  water,  brought  from 
the  coast  of  Tuscany.  These  pebbles  are  often  picked  up  on 
the  shore,  and  when  broken  exhibit  a  crystalline  cavity  about 
one-third  filled  with  water. 

Mr.  Dyer  read  a  Paper  entitled  "Notes  on  the  Intro- 
duction of  Steam  Navigation." 

Mr.  Dyer  stated  that  this  subject^  being  of  great  importance, 
had  engaged  many  able  pens  in  tracing  the  origin  of  the 
several  inventions  and  experiments  that  preceded  the  final 
triuntph  of  steam  power  over  that  of  wind  for  navigating 
ships ;  each  writer  claiming  the  honor  of  priority  for  his  own 
country.  It  may  be  useful  to  state  the  order  in  which, 
and  the  parties  by  whom  the  principal  attempts  were  made 
to  realise  that  object.  Several  letters  lately  appeared  in 
the  Times,  and  were  thence  transferred  to  the  pages  of 
the  Engineer,  giving  a  graphic  account  of  the  "  first  steamer 
in  English  waters,"  the  *^Jlfar^^,' built  at  Dumbarton, 
by  the  late  William  Denny,  for  William  Anderson,  of 
Glasgow,  and  passed  through  the  canal  to  the  Forth  and 
thence  to  the  Thames,  where ^  she  arrived  on  the  23rd 
January,  1815."  On  the  authority  of  Mr.  Anderson,  then, 
this  date  is  fixed  when  the  first  steamboat  was  seen  on 
English  waters.  The  first  steamboat,  the  Claremonty  was 
started  as  a  regular  packet  on  the  Hudson  River,  in  the 
spring  of  1807;  so  that  the  first  steamer  seen  on  the 
American  waters  was  fifty-five  years  ago,  a  lapse  of  time  that 
should  now  insure  a  calm  view  of  the  steps  that  led  to  this 
first  actual  success*  in  steam  navigation.  It  will  be  shown 
that,  by  a  long  course  of  persevering  labours,  the  honor  of 
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that  success  must  be  conceded  to  Robert  Fulton,  by  whom  it 
was  achieved. 

Whilst  admitting  the  merits  of  other  ingenious  men  long 
engaged  in  the  same  pursuit,  it  is  clearly  proved  that,  either 
from  good  fortune,  or  by  the  exercise  of  superior  judgment 
and  skill,  the  race  was  won  by  eight  years*  priority  of  steam 
navigation,  by  Fulton,  on  the  Hudson  River. 

In  1793,  Mr.  Fulton  sent  his  plan  for  a  steamboat  to 
Lord  Stanhope,  who  approved  of,  and  thanked  him  for  the 
communication.  Shortly  after,  Fulton  went  to  Paris,  and 
made  experiments  on  the  French  waters,  with  the  chain  floats, 
the  dnck's-foot  paddles,  the  screw  or  smoke-jack  propellers, 
and  with  the  paddle  wheels,  to  which  latter  he  gave  the 
preference,  and  constructed  a  boat  with  them  in  1803, 
which  was  the  model  adopted  in  building  the  Claremont  in 
1806. 

Mr.  Dyer  had  sailed  in  the  Claremont,  and  remembers  the 
sensation  created  by  her  appearance,  and  the  high  admiration 
bestowed  on  the  author  of  so  great  an  enterprise.  That 
sensation  in  1807  was  precisely  the  same  as  the  Margery 
created  among  the  vessels  on  the  Thames  in  1815. 

An  attempts  at  steam  navigation  were  fruitless  before  the 
invention  of  Mr.  Watt*s  steam-engine,  his  engine  being  the 
/rsi  that  could  be  usefully' applied  to  rotative  machines  on 
land,  and  therefore  for  propelling  ships.  The  principal 
claims  put  forth  by  other  inventors  of  steamboats,  are  the 
following : — 

In  France,  the  Marquis  de  Jauffiroy  constructed  a  steam-^ 
boat  at  Lyons,  in  1782,  *'  with  paddle  wheels,"  but  that  this 
boat  did  not  succeed  is  obvious,  because  she  was  not  heard  of 
until  1816,  when  the  first  Fulton  boat  was  started  to  run  on 
the  Seine. 

In  1783,  Daniel  Bernoulli  proposed  a  plan  which  consisted 
of  forcing  water  through  a  tube,  out  at  the  stem  of  the  boat^ 
This  scheme  has  been  tried  many  times  since,  but  fails  on 
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account  of  the  defective  principle  of  applying  the  force. 
Endless  chains,  with  float  pi*opelleis,  have  been  many  times 
tried  and  have  failed  on  the  same  ground. 

In  1795,  Lord  Stanhope  made  experiments  with  a  boat  on 
the  Thames,  using  the  reciprocating  or  '*  duck's  foot"  paddles, 
which  also  failed,  from  the  loss  of  time  and  power  by  the 
return  stroke. 

In  1786,  James  Rumsey,  of  Virginia,  tried  a  boat  on  the 
Potomac,  and  afterwards  in  London,  both  without  success ; 
and  about  the  same  time  Mr.  Fitch,  of  Philadelphia,  tried 
one  with  paddle  wheels,  on  the  Delaware,  but  this  boat  also 
did  not  succeed  and  was  given  up  as  a  failure.  J.  C.  Stephens, 
of  New  York,  made  experiments  in  1804,  with  a  "boat  25 
feet  long  and  5  feet  wide,'*  which  of  course  did  no  good  and 
was  stopped  as  a  failure,  though  again  brought  to  notice  as 
preceding  Mr.  Fulton's. 

In  1788  and  1789,  William  Symington,  in  conjunction  with 
Patrick  Millar  and  James  Taylor,  made  experiments  with 
their  patents  for  navigating  by  steam,  and  in  1802  com- 
menced running  a  boat  on  the  canal  at  Glasgow  which  made 
three  miles  an  hour,  but  after  many  changes  of  her  propellers 
and  trials,  the  scheme  was  given  up  and  no  more  was  heard 
of  the  steamboat  of  Mr.  Symington  until  long  after  those  of 
Fulton  were  widely  spread  over  the  American  waters. 

In  1816,  the  Marquis  de  Jauflroy  complaihed  that  the 
Fulton  steamboat  on  the  Seine  had  taken  the  **  paddle 
wheels"  invented  by  him  and  used  at  Lyons  thirty-four 
years  before,  but  also  abandoned  by  him.  To  this  charge 
Mons.  Royou  replied  in  the  Journal  des  Debate^  thus : — "  It 
is  not  concerning  an  invention,  but  the  means  of  applying  a 
power  already  known.  Fulton  never  pretended  to  be  an 
inventor  in  regard  to  steamboats  in  any  other  sense.  The 
application  of  steam  to  navigation  had  been  thought  of  by 
all  artists,  but  the  means  of  applying  it  were  wanting,  and 
Fulton  furnished  them." 
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The  first  ocean  steamer  was  The  Fulton^  of  327  tons, 
built  in  1813^  and  the  first  steamer  for  harbour  defence  was 
bailt  under  Fulton's  direction,  2,470  tons,  launched  in  1814. 
This  became  the  model  ship  for  the  iron-clad  batteries  and 
rams  since  constructed  with  many  changes-  It  will  be  seen 
by  the  drawings  of  Fulton's  plans,  that  he  had  tried  the 
seTeral  other  kinds  of  propellers — the  chain  float,  duck's  foot, 
and  the  screw  fan — before  adopting  the  paddle  wheel,  for 
though  the  screw  was  good  in  principle,  it  was  many  years 
before  it  could  be  constructed  to  act  efficiently.  The  James 
Waity  was  the  first  boat  with  the  screw  running  between 
London  and  Havre,  about  ten  years  after  the  advent  of 
The  Margery, 

In  1811  I  endeavoured  to  introduce  steam  navigation  into 
England,  but  I  found  a  strong  conviction  that  it  would  not 
answer  in  this  country,  our  most  eminent  engineers  saying, 
"We  don't  doubt  the  success  of  steam-boats  in  the  wide 
rivers  and  harbours  of  America,  but  in  our  comparatively 
small  rivers  and  crowded  harbours  they  will  never  answer." 
Even  such  scientific  engineers  as  the  late  John  Rennie,  sen., 
and  Peter  Ewart,  a  Vice-President  of  this  Society, 
both  advised  me  to  relinquish  the  attempt  to  introduce 
steamboats,  as  sure  to  prove  a  waste  of  time  and  money 
to  no  purpose.  However,  when  conviction  came  over 
the  public  mind  that  steam  navigation  would  answer  here^— 
bat  not  until  after  more  than  5,000  tons  of  steamboats  had 
been  launched  on  the  Hudson  in  1816,  did  it  so  come — 
then  began  the  spread  of  steam  navigation,  since  extended 
with  such  marvellous  rapidity  and  perfection  as  to  atone  for  the 
sluggish  beginning.  Since  nations  are  indebted  to  the  genius 
of  Watt  for  success  in  using  steam  power,  to  that  of  Fidton 
&r  its  successful  application  to  navigation,  to  Stephenson  for 
the  like  success  on  railways,  the  meed  of  praise  due  to  each 
of  their  names  should  be  cheerfully  awarded  by  all  who  are 
80  largely  benefited  by  the  result  of  their  labours.     In  doing 
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this  we  should  bear  in  mind,  that  inventions  do  not  spring 
into  existence  perfect  from  their  birth,  like  Pallas  from  the 
brain  of  Jupiter,  but  they  come  from  the  prior  labours  of 
many  brains,  and  he  is  the  true  inventor  who  first  collects 
the  essence  of  and  gives  the  stamp  of  vitality  to  those  labours. 
In  this  sense  the  invention  of  steam  navigation  will  for  ever 
illustrate  the  name  of  Robert  Fulton. 


MIOBOSOOPICAL     SECTION. 
19th  Januaiy,  186S. 

Mr.  Joseph  Sidebotham,  Vice-President  of  the  Section, 
in  the  Chair. 

Captain  Isaac  Tessyman,  of  the  ship  "  Ann  Mary,"  pre- 
sented four  soundings  off  the  coasts  of  Patagonia,  Singin, 
Malay  Peninsula,  and  at  Algoa  Bay,  taken  during  his  late 
voyage  to  San  Francisco,  Singapore,  &c. 

Captain  J.  B.  Husband,  of  the  ship  '*  Mutlah,"  presented 
three  soundings  taken  off  Orissa,  and  the  Black  Pagoda  on 
the  coast  of  Bengal. 

Mr.  Latham  presented  mounted  slides  of  the  skin  of  the 
Mursena  Guttata,  cocoon  of  silk  worm,  and  cuticle  of 
Gladiolus.     . 

Mr.  John  Slaoo,  jun.,  presented  mounted  specimens  of 
floats  and  ovaries  of  lanthina ;  shells  of  ditto ;  berry  of  Fucus 
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natans  covered  with  Membranifera ;  and  Cresia  aciculata^  a 
Pteropod. 

Mr.  John  Hepwokth  referred  to  the  mildew  mentioned 
in  the  proceedings  of  the  previous  meeting,  which  had  been 
observed  at  Gibraltar  on  fustians  stiffened  with  bone  size, 
and  stated  that  he  had  noticed  a  peculiar  fungoid  gi'owth 
upon  mounted  sections  of  bone,  and  that  it  would  be  desirable 
if  possible  to  compare  them. 

Mr.  John  Leigh,  M.R.C.S.,  read  a  Paper  "  On  the  Use 
of  Dialysis  in  Microscopical  Investigations." 

After  describing  the  researches  of  Professor  Graham,  the 
present  Master  of  the  Mint,  and  explaining  the  nature  of  the 
division  into  two  classes  of  all  natural  bodies,  namely,  into 
crystalloids  and  colloids,  their  affinities  and  means  of  separa- 
tion, the  Author  proceeded  to  describe  some  curious  bodies 
found  in  cleaning  out  a  steam  boiler,  which  have  almost 
exactly  the  external  form  and  internal  structure  of  the  con- 
cretions formed  by  Mr.  Rainey,  and  figured  in  Dr.  Carpenter^s 
work  on  the  Microscope,  third  edition,  page  769.  They  are 
composed  chiefly  of  carbonate  of  lime  and  organic  matter 
aggregated  in  the  presence  of  the  aluminous  colloidal  mud 
in  the  boiler,  and  are,  on  a  large  scale,  a  singular  illustration 
of  Mr.  Eainey*s  experiments.  The  Author  then  enlarged 
upon  the  advantages  of  this  method  of  investigation  to  the 
microscopist  and  chemist,  who  may  go  hand  in  hand  in  the 
examination  of  the  crystalloidal  constituents  of  organic 
bodies.  "  The  microscopist  (says  the  Author)  [will  often  be 
able  to  direct  his  fellow  worker  into  new  channels  of  research. 
A  careful  study  of  minute  crystals,  with  accurate  measure-* 
ments  of  their  angles  and  observations  on  the  effects  of 
polarised  light,  may,  to  speak  medically,  lead  to  an  accurate 
diagnosis  of  them,  as  is  afforded  to  the  tests  of  the  chemist, 
to  whose  hurger  operations  they  may  be  referred  for  further 
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analysis.  Dialysis  affords  us  the  means  of  separating  the 
saline  constituents  of  the  juices  of  plants  from  the  salts  fixed 
in  their  tissues,  and  similarly  in  regard  to  animal  bodies. 
By  one  or  more  dialytic  operations  on  a  limited  scale  the 
crystalloids  of  any  vegetable  juice  may  be  obtained  in  solution 
of  great  limpidity,  and  by  careful  evaporation  over  a  water 
bath  they  will  crystallise  out  in  a  state  fit  for  examination/* 
Mr.  Leigh  concluded  his  Paper  by  the  quotation  of  some 
apposite  remarks  by  the  late  Professor  Johnstone,  of  Durham^ 
and  exhibited  the  small  trays  he  uses  in  his  experiments, 
consisting  of  a  double  rim  of  gutta  percha  securing  a  disc  of 
parchment  paper  in  the  form  of  a  sieve ;  also  specimens  of 
the  mulberry-shaped  nodules  found  in  ^  steam  boiler  as 
before  named. 

The  Chairman  said  that  for  minute  experiments  he  had 
used  the  parchment  paper  in  the  form  of  a  filter. 

Mr.  Dancer  stated  that  porous  earthenware  could  be 
advantageously  used  as  a  dialyser. 

Professor  Williamson  indicated  a  number  of  subjects  upon 
which  dialysis  would  probably  throw  light,  both  in  vegetable 
and  animal  physiology.  He  especially  dwelt  upon  the 
phenomena  of  calcification  and  silification,  illustrating  his 
remarks  by  reference  to  what  occurs  in  the  foimation  of  cal- 
careous and  silicious  growths  in  the  colloid  sarcode  of  sponges 
and  polypifei-a,  in  the  development  of  the  dental  plates  of 
the  teeth  of  Echinus,  in  the  calcification  of  the  derms  of 
the  Crustacea,  the  shells  of  mollusca,  the  scales  of  fishes, 
and  in  the  chondriform  and  membraniform  bones  and  teeth 
of  the  vertebrate  animals.  The  Professor  suggested  that  a 
natural  process  of  dialysis  probably  underlay  all  these  forma- 
tions. He  specially  called  attention  to  the  close  resemblance 
subsisting  between  the  primary  spherical  and  concentric 
granules  seen  in  the  derms  of  the  Crustacea,  in  the  scales  of 
cycloid  and  ctenoid  fishes,  in  the  outermost  layers  of  many 
teeth,  and  the  artificial  concretions  produced  by  Mr.  Kainey, 
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to  which  Mr.  Leigh  alluded  in  his  Paper.  Professor 
Williamson  further  suggested  for  inquiry,  how  far  the 
structureless  basement  membrane  seen  underlying  the 
calcareous  layer  of  many  calcified  structures  {e,g,  the  pulp 
membrane  of  the  tooth)  played  some  part  equivalent  to  the 
parchment  dialyser  of  the  Master  of  the  Mint. 

Mr.  MosLEV  read  extracts  from  a  Report  to  the  Cotton 
Supply  Association,  of  a  microscopical  examination  of  a  sample 
of  cotton  supposed  to  have  some  peculiarities.  On  comparison 
with  good  American  cotton  it  was  found  to  contain  a  greater 
proportion  of  round  and  partially  flattened  filaments,  all  more 
or  less  twisted,  but  full  and  well  developed;  the  polarised 
colours  were  more  bright  and  vivid,  all  indicative,  he  con- 
sidered, of  strong  and  vigorous  growth  in  a  congenial  soil,  and 
careful  gathering  when  the  pod  was  at  its  highest  stage  of 
development.  The  fibres  varied  in  size,  from  flattened  ribbons 
of  is  of  an  inch  broad  to  cylindrical  fibres  of  Thsn  of  an  inch 
in  diameter ;  the  variation  being  due  mainly  to  the  amount 
of  compression  of  the  cylinder  rather  than  to  actual  diflerence 
in  bulk.  The  staple  measured  from  1  inch  to  1 J  inch  in 
length.  The  contrast  with  some  inferior  cottons  was  strongly 
marked,  as  regards  their  twisted,  flat,  tape-like  appearance^ 
and  faint  polariscopic  colourings  which  he  attributed  either 
to  weakly  growth  or  to  having  been  picked  from  over-ripe 
pods,  when  the  fibre  had  become  dry  and  sapless.  Too  little 
is,  however,  known  to  form  an  exact  opiniob;  dissection  of 
buds  and  pods  in  all  stages  of  growth  would  be  necessary  for 
a  full  and  exhaustive  investigation  of  the  subject. 

In  reply  to  a  question  from  Dr.  Roberts,  Professor 
Williamson  stated  that,  like  all  vegetable  hairs,  the  cotton 
fibre  in  its  early  stage  is  unquestionably  cylindrical. 

Mr.  SiDEBOTHAH  exhibited  a  convenient  and  efiective 
form  of  binocular  microscope,  by  ^Ir.  Dancer,  suitable  for 
naturalists  and  others. 
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Mr.  Brotubrs  exhibited  a  mounted  slide  of  Foraminiferaj 
and  a  drawing  of  Colochoete  Scutata,  a  minute  fresh-water 
alga. 

Mr.  Whallet  exhibited  Trichoda  lynceus^  marine  infu- 
soria ;  also  an  objective,  ,^3^  of  an  inch  focus,  by  Messrs.  Powell 
and  Lcaland. 
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Ordinary  Meeting,  February  24th,  1868. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Among  other  donations  for  which  the  thanks  of  the  Society 

were  voted   were   an  extensive  collection  of  Dr.   Dalton's 

manuscript  correspondence,  presented  by  Dr.  W.  C.  Henry ; 

and  a  framed  photograph  of  Professors  Bunsen  and  Kirchhoff, 

presented  by  Mr.  H.  Petschler. 

Professor  Boscob  stated  that  he  had  been  for  some  little 
time,  and  is  still,  engaged  in  an  interesting  examination  of 
the  spectrum  produced  by  the  flame  evolved  in  the  manu- 
bctore  of  cast  steel  by  the  Bessemer  process,  on  the  works  of 
Messrs.  John  Brown  and  Co.,  of  Sheffield. 

The  spectrum  of  thb  highly  luminous  and  peculiar  flame 
exhibits  during  a  certain  phase  of  its  existence,  a  complicated 
but  most  characteristic  series  of  bright  lines  and  dark  absorp- 
tion bands.  Amongst  the  former  the  sodium,  lithium,  and 
potassium  lines  are  most  conspicuous;  but  these  are 
accompanied  by  a  number  of  other,  and  as  yet  undetermined 
bright  lines ;  whilst  among  the  absorption  bands  those  formed 
by  sodium  vapour  and  carbonic  oxide  can  be  readily 
distinguished.  Professor  Boscoe  expressed  his  belief  that 
thb  first  practical  application  of  the  Spectrum  Analysis  will 
prove  of  the  highest  importance  in  the  manufacture  of  cast  steel 
by  the  Bessemer  process,  and  he  hoped  on  a  future  occasion 
to  be  in  a  position  to  bring  the  subject  before  the  Society  in  a 
more  extended  form  than  he  was  at  present  able  to  do. 

A  communication  was  likewise  made  by  Professor  Boscoe> 
concerning  ^^The  Existence  of  a  Crystallizable  Carbon 
Compound  and  Free  Sulphur  in  the  Alais  Meteorite." 

Through  the  kindness  of  B.  P.  Greg,  Esq.,  of  Manchester, 
I  was  placed  in  possession  of  about  a  gramme  and  a  half  of 
this  peculiar  meteorite,  which  fell  near  Alais,  in  France,  on 
the  15th  March,  1806,  and  was  examined  by  Berzelius  in 
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1834.  This  distinguished  chemist  states*  that  the  Alais 
meteorite  is  remarkable  as  containing  an  organic  carbon 
compound,  soluble  in  water,  which  turns  brown  on  heating, 
deposits  a  black  carbonaceous  mass^  and  bums  without 
residue.  In  the  year  1860,  Wohlerf  discovered  the  presence 
o{  small  traces  of  a  crystallizable  hydrocarbon,  soluble  in 
alcohol  and  ether,  in  two  meteorites,  one  of  which  fell  at 
Kaba,  in  Hungary,  on  the  15th  April,  1857,  and  the  other  at 
Bokkevelde,  in  South  Africa,  on  October  IS,  1838.  The 
fact  thus  undoubtedly  proved  of  the  existence  in  these  two 
meteorites  of  crystallizable  carbon  compounds,  which  in 
terrestrial  matter  are  solely  the  results  of  vital  action,  rendered 
a  further  confirmation  of  the  existence  of  organic  matter  in 
the  Alais  meteorite  of  special  interest. 

In  general  appearance  the  small  fragments  of  the  meteorite 
experimented  upon  coincided  exactly  with  the  minute 
description  of  the  substance  given  by  Berzelius;  the  white 
efflorescence  which  covers  the  surface  of  the  mineral  was 
found  to  consist  mainly  of  small  crystals  of  sulphate  of 
magnesium ;  the  only  other  bodies  which  could  be  detected 
by  spectium  analysis  were  soda  and  lime.  Iron  was  not 
contiained  in  the  soluble  salts.  On  extracting  1*0583  gramme 
of  the  meteorite  with  water,  0*1155  gramme  of  soluble  salt« 
was  dissolved,  corresponding  to  10*91  per  cent,  and  thus 
closely  agreeing  with  Berzelius's  estimation  of  10*3  percent. 

Ether  was  found  to  dissolve  from  the  residue  1*94  per  ceiit 
on  the  original  meteorite,  a  substance  which  on  evaporation 
was  deposited  in  distinct  crystals.  The  crystals  possessed  a 
peculiar  aromatic  odour,  and  melted  at  114^  C,  subliming  on 
heating,  and  leaving  a  slight  carbonaceous  residue.  Under 
the  microscope  the  crystals  were  seen  to  be  of  two  forms,  one 
acicular,  the  other  rhombic.  The  acicular  crystals  were 
difficultly  soluble  in  absolute  alcohol,  but  easily  soluble  in 
ether,  bisulphide  of  carbon,  turpentine,  and  cold  nitric  acid, 

*  Pogg.  Add.  xxxiii.  p.  113. 
t  Wi«n.  Acad.  Ber.  %xzy.  0.,  ditto  zli.  665. 


59 

and  dissolved  in  sulphuric  acid  with  fonnation  of  a  brown 
coloaring  matter ;  the  rhombic  crystals  likewise  dissolved  in 
ether  and  bisulphide  of  carbon,  but  were  unaltered  by  cold 
nitric  and  sulphuric  acids,  or  turpentine.  The  etherial 
extract  gave  no  reaction  for  sulphuric  acid,  but,  after  boiling 
with  nitric  acid^  a  copious  precipitate  of  sulphate  of  barium 
was  deposited.  When  burnt  in  a  stream  of  dry  oxygen  gas, 
0-0078  gramme  of  the  extract,  dried  at  100°  C,  yielded  0*010 
gramme  of  sulphurous  acid,  0*008  gramme  of  carbonic  acid, 
and  0-003  gramme  of  water.  Hence  the  meteorite  contained 
1*24  per  cent  of  free  sulphur,  0*54  per  cent  of  carbon,  and  0*1 
per  cent  of  hydrogen,  in  a  form  soluble  in  ether.  The 
meteorite  contains  a  considerable  quantity  of  carbon 
(probably  as  graphite)  which  is  insoluble  in  ether.  The  total 
percentage  of  carbon  found  on  igniting  the  meteorite  in  oxygen 
amounted  to  3*36  per  cent ;  this  closely  corresponds  with  tlie 
amount  foAind  by  Berzelius,  viz.,  3*06  per  cent. 

From  the  above  it  is  evident  that  the  Alais  meteorite 
contains  at  least  a  half  i)er  cent  of  a  hydrocarbon,  which  is 
deposited  in  acicular  crystals  when  the  mass  is  treated  with 
ether,  together  with  considerable  quantities  (more  than  one  per 
cent)  of  free  sulphur,  crystallizing  from  the  ethereal  solution 
in  rhombic  octohedra.  To  judge  by  the  melting  point,  the 
hydrocarbon  may  be  analogous  to  a  mineral  wax  called 
Eonlite,  discovered  by  Kraus  in  the  lignite  of  Uznach,  which 
contains  an  equal  number  of  atoms  of  carbon  and  hydrogen, 
and  melts  at  lU'' C. 

The  Eev.  T.  P.  Kirkman,  M.A.,  F.R.S.,  read  a  Paper 
**  On  Maximum  Grroups." 

A  substitution  is  positive  or  negative,  as  it  is  made  by  an 
even  or  by  an  odd  number  of  transpositions  of  two  letters. 

To  every  group  G  of  positive   substitutions   (a  positive 

group  G),  derangements  GP,  GQ, can  be  added,  so  as  to 

complete  the  entire  group  of  ^  IIN  substitutions,  N  being 
the  number  of  letters,  which  is  always  a  positive  group. 
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A  positive  group  G  is  a  maximum  po8iHt>e  group,  when  no 
derangements  of  G  or  of  any  factor  of  G  can  be  added  to  it  so 
as  to  complete  a  positive  group  of  an  order  inferior  to  J  UN. 

To  every  mixed  group  J,  i.e.  a  group  containing  positive 
and  negative  substitutions^  derangements  JP,  JQ^  . .  .  can  be 
added  so  as  to  complete  the  entire  group  of  the  order  IIN. 

A  mixed  group  J  is  a  maximum  mixed  group  when  no 
derangements  of  J  or  of  any  factor  of  J  can  be  added  to  it  to 
complete  a  group  of  an  order  inferior  to  UN. 

To  every  group  H,  whether  mixed  or  positive,  derange- 
ments can  be  added  so  as  to  complete  the  entire  group  of 
IIN,  which  is  always  a  mixed  group  if  N  >2. 

The  suspicion  expressed  in  the  final  paragraph  of  my 
memoir  On  the  Theory  of  Cfroups  (Memoirs  of  the  Literary 
and  Philosophical  Society  of  Manchester,  1861),  that  the 
effect  of  variation  of  exponents  in  the  auxiliary  group  g  (Art. 
34)  on  the  number  of  equivalent  groups  constructible,  would 
have  to  be  reconsidered,  turns  out  to  be  correct.  The  groups 
enumerated  in  theorem  H  (Art.  37)  always  exist,  but  they 
are  not  always  the  whole  of  the  equivalents.  If  the  partition 
of  N  is 

N  =•  A'a  =  A*Aa', 
A  being  a  prime  number,  my  estimate  of  the  effects  of  variation 
of  exponents  is  correct  for  N=A'A=A*,  whatever  prime  A 
may  be,  and  also  for  N=A'A^=2'2^=8 ;  but  it  is  defective 
for  higher  values  of  N.  I  took  it  for  granted  that  if  the 
auxiliary  be 


12  3  4  5  6  7  8 

2  14  3  6  5  8  7 

3  4  12  7  8  5  6 

4  3  2  18  7  6  5 

(ff) 

5  6  7  8  12  3  4 

6  5  8  7  2  14  3 

7  8  5  '6  3  4  1  2 

8765432  1, 

no  variation  of 

exponents  would  give 

different 

equivalent 
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groups  of  H,  by  the  method  of  Art.  89,  except  by  taking  for 

unity  in  (y)  one  of  the  seven  forms  following, 
1  2*3  4  5  6  7  8,     1  2  3  4^5  6  7  8,     1  2  3  4  5  6*7  8, 
12  3  4  5  6  7  8*,     1  2*3  4*5  6  7  8,     1  2*3  4  5  6*7  8, 
1  2*3  4  5  6  7  8*, 

and  then  affecting  every  element  in  (g)  with  the  exponent 

read  over  it  in  nnity.     The  truth  is  that  (g)  is  an  effective 

auxiliary  if  we  write  it  thus : 

12  3  4  5  6  7  8 

2  14  3  6  5  8  7 

3  4  1  2  7*8*5*6* 

4  3  2  1  8*7*6*5*  (^) 

5  6  7*8*1  2  3*4* 

6  5  8*7*2  1  4*3* 
r"8*5  6  3  4  1*2* 
8*7*6  5  4  3  2*1*, 

which  can  be  proved,  as  in  Art.  89,  to  be  a  group  equivalent 
to  {g)y  and  different  as  an  auxiliary  from  the  preceding  eight. 
Seven  mo.e  auxiliaries  can  be  formed  as  above  from  (jr'),  and 
thus  we  can  construct  on  {g\  not  eight  only,  but  sixteen 
equivalent  groups  K  of  the  16th  order  with  16  letters,  all 
having  15  principal  substitutions  of  the  second  order,  and 
all  beginning  vnth 

l23i567S90abcdef 
21436587096a  dcfe  =  0, 
by  the  method  of  Art.  89.    There  are  in  all  1613-11-9-7-5-31 
equivalent  substitutions  0:  if  we  employ  them  all,  and  with 
them  16  variations  of  each  of  the  30  equivalents  of  (^),  we 
shall  construct 

-^  (16-30-1513-11-9-7-5-3)  =  Q 

different  equivalent  groups  K  of  16.  Dividing  11  (16)  by 
this  number  of  equivalents,  we  obtain  for  the  order  of  the 
maximum  modular,  made  by  adding  to  K  all  its  derived 
derangements  (Theorem  A,  Cor.) , 

161514-12-8, 
and  this  maximum  modular  has  Q  equivalents. 
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This  corrects  the  result  of  my  article  96,  and  it  may  be  of 
interest  as  affording  when  generalised,  as  it  easily  can  be,  a 
tactical  verification  of  the  very  important  theorem  deduced 
by  M.  Jordan  from  a  theorem  of  Galois  about  a  certain 
determinant,  that  if  n^  be  any  power  of  a  prime  number  n, 
there  is  a  group  made  with  n^  letters  of 

n(w— iy(n»— 1)»V  — !)•  •  .^'K— 1) 
linear  substitutions.  Vide  M.  Jordan's  Thi%e  sur  le  nombre  dea 
valeurs  dea  fonctions  (Journal  de  I'Ecole  Poly  technique, 
1861),  chap.  Y.  It  also  shows  that  M.  Jordan's  group  of 
linear  substitutions  is  a  maximum  modular  on  the  model  (J) 
of  the  order  n^  having  n^ — 1  principal  substitutions,  i.e.  con- 
sisting of  (J)  and  all  its  derived  derangements. 

As  this  treatise  of  M.  Jordan  is  the  only  one,  so  far  as  I 
can  learn,  that  has  appeared  in  a  revised  form  in  the  French 
language  since  the  days  of  Cauchy,  on  this  difficult  subject, 
it  may  be  worth  the  while  to  give  a  little  account  of  it.  The 
memoir,  as  may  be  expected  from  the  nature  of  the  question, 
is  neither  short  nor  simple,  but  the  aim  is  well  defined,  and 
the  result  is  easy  both  to  understand  and  to  evaluate.  The 
principal  object  of  the  work  is  to  determine  the  order  of  a 
transitive  group  T  made  with  M  letters,  which  contains  a 
set  of  similar  substitutions  PiPaPa . . .,  such  that  the  whole  of 
them  with  their  powers  and  products  form  an  intransitive 
group  2.  M.  Jordan  shows  that  2  will  contain  an  intransi- 
tive group  made  up  of  —  transitive  groups  of  n  letters,  and, 

therefore,  n  being  prime,  of  the  nth  order;  and  if  there  be 
more  than  one  such  group  2  in  T,  he  selects  the  sous-groupe 
minimum  so  constructible,  and  takes  its  prime  order  n  as  the 
modulus  of  his  substitutions.  His  final  result  is,  that 
M  =  A;*n'^  =  A*m%  and  that  the  order  of  T  will  always  of 
necessity  divide 

l^2'Z...kln   2  .(n-l)(n'-l)...(n'"-l)|     ; 
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and  thus,  although  he  has  not  detennined  the  order  of  T,  nor 
assigned  the  form  of  his  substitutions  when  k>l  (for  he  has 
not  at  all  inquired  into  the  degree  of  his  unknown  functions 
of  »,  the  (r  + 1)**  variable  which  has  k  values),  he  conceives 
that  he  has  exactly  given  the  superior  multiple  of  any  group  T, 
which  has  a  set  of  similar  substitutions  PiPj. . .  the  whole  of 
which  fanhy  with  their  derivatives,  an  intransitive  group  S. 

He  has,  indeed,  assigned  the  superior  limit  of  many  such 
woven  grouped  groups  T ;  but  there  is  a  vast  number  of  them 
whose  order  is  out  of  his  limit.  Take,  for  example,  the  woven 
grouped  group  of  my  theorem  L  (Art.  51),  which  is  made  by 
writing  under  lS34d  the  long-known  group  of  60  made  with 
those  elements,  parallel  to  the  same  group  of  60  made  with 
67890.  Weaving  the  two  sub-groups  of  60,  and  then  trans- 
posing them,  or,  which  is  the  same  thing,  multiplying  by 
6789012346,  we  have  a  transitive  group  T  of  60-60-2.  If  we 
collect  tlie  48  substitutions  similar  to  1234578906,  i.e.  to 
2S45167890,  of  the  fifth  order,  these  determine  an  intransitive 
2,  containing  the  five  powers  of  2845178906,  and  no 
regnlat  substitutions  but  of  the  fifth  order.  No  other 
iiktransirive  2  is  thus  constructible.  Therefore  n  =  6 
is  thi  order  of  the  soUs-groupe  minimum,  M  =  2'5***  =  A^n**, 
and  the  order  of  T  ought,  by  M.  Jordan's  result,  to  divide 
l*{5-4'}*  =  800.  But  60-120  is  no  divisor  of  this  number. 
We  can  also  construct  such  a  group  T  of  the  order  120*240, 
which  is  no  divisor  of  800. 

For  another  exathple,  write  under  123456  the  group  of 
60  positive  substitutions,  selected  from  the  group  of  120  of  my 
article  65,  parallel  to  the  s&me  group  made  mth  7890^}. 
We  have  by  weaving  and  grouping,  as  before,  a  transitive 
group  T  of  the  order  60'120,  in  which,  if  we  collect  all  the 
substitntions  similar  to  265341 7890ai  of  the  third  order, 
these  determine  a  derivative  intransitive  S,  the  only  one 
constructible,  which  has  regular  substitutions  of  the  third 
order,  and  of  no  other.    Then  n  =  8  is  the  order  of  the  eoue- 
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groupe  minimum,  M  =  4*8^*  =  ktiT^y  and  the  order  of  T  should 
divide 

l-2-3-4{3-2}*, 

but  60*120  is  no  divisor  of  the  number.  In  Kke  manner  we 
can  construct  transitive  groups  T  of  the  orders^  120'240, 
360-720,  and  7201440. 

We  thus  easily  show  that  M.  Jordan's  limit  is  defective 
for  such  transitive  groups  T  made  with  ^n'  =  M  letters,  (A  =  2) 
whatever  n'  may  be  >  4 ;  and  also  for  higher  values  of  k. 

All  the  groups  T  considered  by  M.  Jordan  are  portions  of 
the  transitive  maximum  woven  grouped  group  of  my 
theorem  L  made  with 

kn"^  =  nH  =  Ao 
elements,  of  which  the  order  is 

(n'-(n*--l)...3-2-iyi-2-3../. 

When  M=2-3ii=A-7i'y,  or=3-2ii  =  A;-n'y,  or=2-22i=A-n'y, 
M.  Jordan's  limit  coincides  with  mine.  The  tactical  con- 
struction of  this  group  is  very  simple,  and  requires  no  aid  of 
analytic  formulae,  or  numerical  computation.  It  is  very 
desirable  that  this  maximum  group  should  be  broken  into  its 
factors,  but  the  key  to  this  division  is  yet  to  be  found.  I  shall 
show,  that  the  required  division  can  be  in  a  great  measure 
effected  by  selecting  the  positive  groups  and  the  mixed 
groups  composing  it. 

If  we  treat  M.  Jordan's  group  of  linear  substitutions  made 
with  n*"  elements,  n  being  prime,  by  the  method  of  my  article 
(84)  {Theory  of  Oroups),  we  easily  establish  the  theorem 
following,  which  is  probably  new : — 

Theorem. — If  n^  be  any  power  >2  of  a  prime  number  n  >2, 
there  is  a  transitive  non-modular  group  formed  with  n'  - 1 
elements  of  (n'^-l)n^\(n'^^-.l)»"-\Cn'-»-l)...n»-(n«-l)n(»-l) 
substitutions ;  also  a  transitive  group  made  with ;»''- 2  elements 
of  rr\(ff'-\)if'^.{n^.  (n'-'"  I)...  n*(n«-l)n(»- 1)  substitu- 
tions,  which  is  generally  non-modular. 
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This  theorem  might  be  extended.  When  n*"  -  3^  - 16,  there 
is  a  non-modular  group  made  with  15  of  the  order  15*14-12'8, 
a  non-modular  made  with  14  of  14*  12-8,  and  a  non-modular 
made  with  1 2  of  1 2'8,  which  has  a  derived  derangement,  making 
it  a  modular  group  of  12'8*2.  These  are  all  transitive  groups 
and  easily  constructed,  either  with  or  without  the  aid  of  the 
notation  of  linear  substitutions  made  with  16  letters.  We 
have  here  the  true  generalisation  of  the  group  of  7*4*3'2'1 
made  with  7  letters,  about  which,  with  the  30-valued 
functions  given  by  it,  so  much  labour,  far  more  learned 
than  lucrativei  has  been  spent  by  MM.  Betti^  Kroueker^ 
Hermite^  and  myself. 

It  is  curious,  that  the  true  analytical  expression  of  these 
transitive  groups  of  »''  -  I  and  n**  -  2  letters  is  obtained  by 
considering  them  as  intransitive  groups  of  n^  letters. 
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MATHEMATICAL  AND  PHYSICAL  SECTION. 

February  12th,  186^. 

Egbert  Worthington,  F.R.A.S.,  President  of  the  Section, 

in  the  Chair. 

Mr.  W.  L.  Dickinson  read  a  Paper  "  On  the  Eclipse  of 
the  Sun,  May  17,  1863." 

This  eclipse,  which  is  a  partial  one,  will  not  be  of  great 
magnitude  to  any  part  of  the  United  Kingdom.  In  this 
neighbourhood  about  three-tenths  of  the  sun's  diameter  will 
be  obscured  by  the  moon.  The  following  particulars,  which 
have  been  computed  from  the  numerical  equations  in  the 
Nautical  Almanac^  are  oflfered  to  the  members,  to  enable 
them  to  compare  the  calculated  results  with  their  own  obser- 
vations. 

Eclipse  of  the  Sun,  on  Sunday  afternoon,  May  17,  1 363. 
Computation  for  Manchester  (Royal  Infirmary),  lat.  N. 
53^  29',  long.  W.  2^  14':  — 

h       m         8 

Begins 5    37     12 

Greatest  Phase  6    25     32 

Ends    7     II       4 

Greenwich  mean  time. 

Magnitude  of  the  Eclipse  (Sun's  diameter  =  1)  0-307. 
Angle,  from  North  Pole,  of 

first  contact,  49®  towards  the  West, 
last  contact,  45°  towards  the  East, 
Angle,  from  Vertex,  of 

first  contact,  88°  towards  the  West, 
last  contact,    9°  towards  the  East, 
for  direct  image. 
The  position  of  the  points  of  contact  may  be  familiarly 
illustrated  in  the  following  manner.    If  we  suppose  a  Victoria 
shilling  to  represent  the  sun,  the  moon  will  appear  first  to 
touch  it  on  the  right  side,  at  the  last  r  in  the  word  Britanniar: 
and  to  leave  it  on  the  left  side  near  the  vertex,  at  the  letter  i  in 
the  word  Oratia.     A  line  drawn  between  these  letters  will 
indicate  the  direction  of  the  moon's  path. 
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There  will  not  be  another  Eclipse  of  the  Sun  visible  in 
England  until  October  19,  1865. 

The  following  returns  of  the  rainfall  for  1862  were  com- 
municated to  the  Section  :  — 


Thb  Flosh,  Cleatob,  near  Whitehaven. 
Br  Thos.  Aetswobth,  Esq. 


1 


1862. 


No.  of 

in 
Inches. 

Days  on  which 
BainfelL 

5075 

22 

1122 

12 

3-345 

18 

5-410 

22 

5-280 

17 

il97 

23 

3-850 

19 

5150 

18 

2-417 

17 

8-780 

27 

1-762 

19 

6-965 

26 

53-303 

240 

Januaiy  .. 
February . . 

March 

April    

lUj 

June 

July 

August .... 
September 
October  . 
Norember 
December 


Old  Tbafford,  Manchester. 

By  a.  V.  Vkbnon,  F.R.A.8. 
Qwige  3  feet  above  the  ground,  and  106  feet  above  the  sea  level. 


1862. 


FaU  in  Inches.' 


Dayit. 


SyeanL 
185S-1932. 


-MMnof 
69  years, 
179i-1882. 


Januajy  1*896 


Februanr . 
March 

mS?..:;::: 

June  

July 

August    ... 
September 
October   ... 
XoTcmber 
December 


0-958 
3-669 
2-717 
4-470 
3-072 
4-527 
2-350 
4-998 
5-035 
1-685 
3-221 

38-598 


17 
10 
18 
19 
20 
22 
21 
12 
18 
23 
14 
24 

218 


1-826 
1-427 
3-335 
2-161 
2091 
3-399 
2-693 
3-815 
3-916 
3-422 
2-423 
2-938 

33-746 


2-448 
2-347 
2-336 
2-054 
2-354 
2-888 
3-648 
3-589 
3191 
3-810 
3-485 
3-282 

35-427 


6S 

The  fall  in  1862  was  4*852  inches  above  the  average  for 
the  last  five  years,  and  8*  171  inches  above  the  average  for 
sixty-nine  years. 

The  means  for  69  years  have  been  found  by  including  the 
values  for  the  years  1858 — 1862  in  addition  to  the  values 
determined  by  Mr.  John  Curtis  for  64  years,  in  Vol.  XV.  of  the 
Memoirs  of  the  Society. 

Thelv^tall,  near  Warrington. 
By  John  ATKnrsoN,  F.0.S. 

The  height  of  the  station  above  the  mean  sea-level  is  96  feet.  The  gauge  is 
about  l!2  or  14)  inches  above  the  ground. 

^ , 

1  xoD^.  luohefl.        I         It  fell 


("January I  2-142  18 

6-821 J  February  \  0-741  10 

!              (March    3'935  18 

'              rApril 2-335  18 

1    9139^May  4*141  »          20 

I              (.June  2-663  22 

i              rJuly  3-970  I          19 

10-328  ^  August  ,  2-958  |          19 

(September '  8-400  16 

!              rOctober I  4*915  ]          24 

9-552 }  November 1-678  13 

i             (December 2*964  22 

I 1 

86*840  '        219 
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Ordinary  Meeting,  March  llth^  1863. 
E.  W.  BiiTOBT,  F.R.8.,  F.G.S.,  President,  in  the  Chaw. 

The  Eev.  Robeet  Harley,  F.R.A.S.,  read  the  following 
oommunicatiou  "  On  Bring's  Reduction  of  the  Equation  of 
the  Fifth  Degree  to  a  Trinomial  Form." 

Mr.  Ekman,  the  Honorary  Librarian  of  this  Society,  has 
called  my  attention  to  a  remarkable  investigation  on  the 
theory  of  algebraic  equations,  bearing  date  l4th  December, 
1786,  by  Eriand  Sam.  Bring,  who  for  some  time  was  'Pro- 
fessor of  History  in  the  University  of  Lund.  That  portion 
of  Bring's  investigation  which  relates  to  equations  of  the 
fourth  and  fifth  degrees  has  recently  been  republished  by 
the  Royal  Swedish  Academy  of  Sciences,  in  their  Proceedings 
for  1861,  along  with  a  Paper  on.  the  subject  by  Professor 
C.  HilL  (See  '*  Ofversigt  af  KongL  Vetenskaps-Akade- 
miens  Forhandlingar.   Adertonde   ^i^angen."     1861,    pp. 

Bring's  investigation  was  originally  published  as  a  ^^  Dis- 
putation," but,  sharing  the  fate  of  many  other  University 
disputations,  it  was  suffered  to  drop  into  oblivion,  and  it 
remained  there  until  about  a  year  and  a  half  ago,  when 
Professor  Hill  discovered  it  and  dragged  it  to  light.  The 
only  complete  copy  of  Bring's  Paper  out  of  Sweden  whkh 
my  friend,  Mr.  Ekman^  has  beeti  able  to  trace,  exists,  he 
informs  me,  in  the  library  of  the  Observatory  ttf  Ptilkotn,  ill 
Bussia. 

Bri&g  succeeds  in  extendttig  Tsdumlidttsea's  method  of 

transformation  so  as  to  reduce  the  general  equation  of  the 

fifth  degree  to  a  trinomial  form  by  means  of  equations  of 

inferior  degrees.    It  is  commonly  supposed^  I  believe,  that 
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this  reduction  was  first  eflfected  by  our  own  countryman, 
Mr.  Jerrard,  whose  "Mathematical  Researches,"  published 
about  thirty  years  ago,  gave  a  new  impulse  and  direction  to 
the  efibrts  of  those  analysts  who  were  labouring  to  conquer 
the  difficulties  connected  with  the  higher  equations.  Mr. 
Jerrard  has  certainly  taken  a  large  and  comprehensive  view 
of  the  subject,  and  by  his  original  researches  has  laid  all 
cultivators  of  algebra  under  great  obligations  to  him.  But  in 
his  reduction  of  the  general  quintic  equation  to  the  trinomial 
form,  by  taking  away  its  second,  third,  and  fourth  terms  at 
once,  he  was  anticipated,  it  seems,  by  Bring. 

In  a  Paper  entitled  *^A  Contribution  to  the  History  of  the 
Problem  of  the  Reduction  of  the  General  Equation  of  the 
Fifth  Degree  to  a  Trinomial  Form,"  about  to  appear  in  No.  21 
of  the  Quarterly  Journal  of  Pure  and  Applied  Mathematics y 
I  have  briefly  indicated  what  has  been  done  in  this  problem 
by  different  investigators,  and  I  have  particularly  noticed  the 
labours  of  Mr.  Jerrard,  Sir  W.  R.  Hamilton,  Mr.  Cockle, 
Professor  Sylvester,  M.  Serret,  and  Mr.  Cayley,  as  well  as  of 
E.  S.  Bring,  whose  reduction,  written  in  Latin,  I  have  given 
in  extenso. 

My  object  in  this  communication  is  simply  to  draw  atten- 
tion to  Bring*s  investigation ;  and  I  shall  now  content  myself 
with  giving  a  brief  sketch  of  the  process  which  he  employs. 
Starting  with  the  quadrinomial  form, 

»*+iW5»+y2  +  r=0...(A) 

to  which,  as  is  well  known,  Tschirnhausen's  quadratic  trans- 
formation enables  us  to  reduce  the  general  equation  of  the 
fifth  degree,  and  assuming 

«*+rf«'+ca5  +  *«  +  a+y=0  . . .  (B), 

Bring,  by  the  elimination  of  z  between  (A)  and  (B),  arrives 
at  an  equation  in  y  of  the  form 

y»+ay*+by»+cy'+&c.=0...(C) 

where  a,  b^   c,  &c.  are  rational    functions  of  the  ^ven 
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coefficients/?^  g,  r,  and  of  the  disposable  coefficients  a,  b,  c^  d. 
He  next  proceeds  to  inquire  how  the  three  conditions 

a=0...(D) 
b=0...(E) 
0=0...  (F) 

cm  be  satisfied  simultaneously ;  and  he  finds  that  the  first 
(D)  is  satisfied  by  making 

Spd+4q 
5 

This  Yalue  being  substituted  in  the  second  and  third  equa* 
tions,  viz.  (E)  and  (F)^  and  b,  Cy  or  d  being  eliminated^  there 
results  an  equation  of  the  sixth  degree.  But  this  elevation 
of  degree  is  avoided  by  a  very  simple  artifice.     Writing 

&=acf+t»  wid  c=rf+7, 
the  equation  (E)  takes  the  form  of  a  quadratic  in  d,  which 
quadratic  is  made  to  vanish  identically.  The  evanescence  of 
the  first  coefficient  determines  a,  by  the  solution  of  a  linear 
equation,  as  a  rational  function  of  the  known  quantities 
p,  q,  r.  The  evanescence  of  the  second  coefficient,  a  being 
now  treated  as  known,  determines  ^  as  a  linear  function  of  y . 
And  the  evanescence  of  the  third  coefficient,  when  the  value 
of  2^  in  terms  of  y  is  introduced,  determines  y,  by  the  solution 
of  a  quadratic  equation,  as  a  function  of  p,  q,  r.  Hence 
a,  ?,  y  are  now  severally  known,  and  are  so  determined  as  to 
satisfy  the  second  equation  of  condition  (E).  But  it  still 
remains  to  satisfy  the  third  condition  (F).  Substituting  for 
OybfC  their  respective  values 

the  resulting  equation  will  contain  only  one  unknown, 
viz.  d,  and  a  glance  at  the  explicit  form  of  c,  given  by  Bring, 
diows  that  d  cannot  rise  above  the  third  degree ;  so  that,  by 
the  resolution  of  a  cubic  equation,  d  may  be  determined  and 
the  last  condition  (F)  satisfied. 
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A  Paper  was  read,  "  On  the  Solution  of  the  Differential 
Resolvent,"  by  W.  H.  L.  Russell,  A.B.,  communicated  by 
the  Rev.  Robert  Harley,  F.R.A.S. 

*^  In  the  course  of  last  year  I  was  induced,  at  the  request 
of  Mr.  Harley,  to  consider  the  very  interesting  differential 
equation  which  he  has  denominated  the  ^  Diff(^FeDtial 
Resolvent.'  I  obtained  the  solution  of  the  quartio  resolvent 
by  series,  which  I  summei  by  means  of  a  triple  integral. 
But  Professor  Boole  intimated  that  he  had  discovered  a 
poroeess  of  transfomation  by  which  the  quartic  could  be 
resolved  by  a  single  integral  This  led  me  to  examine  my 
«wn  senes,  snd  I  find  that  the  series  representing  the  solution 
of  the  qnarttc  could  be  summed  by  means  of  a  single  integral 
I  have  since  discovered  that  the  general  resolvent  can  be 
solved  by  means  of  a  single  integral.  To  effect  this  is  the 
object  of  the  present  Paper.** 

The  Author  first  deals  with  the  resolvent  of  the  quartic 
equation,  viz. : — 

(b-;)(d-'^)(d-L^  ^ 

^  D(D— 1)(D— 2)  ^ 

where  e  =ar;  and  he  obtains  the  solution 

*^  *^-?  l-COS«eC082<^(^)'+C08«<>^' 

C  being  a  certain  irrelevant  function- 
He  next  discusses  the  resolvent  of  the  equation 


nz.: — 


y-^(D)>-^)  y=0, 


wbne 

D(D— 1)(D— 2)...(D— n+2). 


^(D)«- 


fi 

The  Motion  is  expressed  in  a  series^  the  turn  of  which  is 
L,         found  to  be  as  below : — 


"r 


cos     _      ,'     a ^^ — 5-^— cos"aco8j«— 2 ^    ■      j<9jp^» 


«i— 1 

1 i— — i — co8»^co8(n — 2)^af-*H i — ^ co8**^jr**-* 

la  a  brief  note  the  Author  indicates  the  method  hy  which 
the  series  employed  were  deriTed  from  the  difierontiil 
equtions. 

Mr.  Cbookss  F.C.S.,  exhibiled  a  specimen,  weighing 
450  grains,  of  the  new  metal,  tbalUum,  which  ha  discoyered 
by  spectrum  analysis.  He  stated  that  be  had  been  fortunate 
ewNigh  to  find  this  element  in  oomparatively  large  quantities 
m  the  depesil  from  the  flues  of  Mr.  Speoee's  pyrites  buni«!S. 

Dr.  JoiTLB  made  the  following  communication  respecting 
a  new  and  extremely  sensitive  thermometer : — "  Some  years 
ago  I  remarked  the  disturbing  influence  of  currents  of  air 
on  finely  suspended  magnetic  needles,  and  suggested  that  it 
might  be  made  use  of  as  a  delicate  test  of  temperature.  I 
hiYe  lately  carried  out  the  idea  into  practice,  and  have 
obtained  results  beyond  my  expectation.  A  glass  vessel  in 
the  shape  of  a  tube,  two  feet  long  and  four  inches  in  diameter, 
was  divided  longitudinally  by  a  blackened  pasteboard  dia* 
phragm,  leaving  spaces  at  the  top  and  bottom,  each  a  little 
over  one  inch.  In  the  top  space  a  bit  of  magnetised  sewing 
needle,  furnished  with  a  glass  index,  is  suspended  by  a  single 
filament  of  silk.  It  is  evident  that  the  arrangement  is 
Binilar  to  that  of  a  ^  bratticed'  coal  pit  shaft,  and  that  the 
slightest  excess  of  temperature  on  one  side  over  that  on  the 
Otbe^  must  occasion  a  circulation  of  air,  which  vrill  ascend 
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on  the  heated  side,  and^  after  passing  across  the  fine  glass 
index,  descend  on  the  other  side.  It  is  also  evident  that  the 
sensibility  of  the  instrument  may  be  increased  to  any  required 
extent,  by  diminishing  the  directive  force  of  the  magnetic 
needle.  I  purpose  to  make  several  improvements  in  my 
present  instrument,  but  in  its  present  condition  the  heat 
radiated  by  a  small  pan,  containing  a  pint  of  water  heated 
30%  is  quite  perceptible  at  a  distance  of  three  yards.  A 
further  proof  of  the  extreme  sensibility  of  the  instrument 
is  obtained  from  the  fact  that  it  is  able  to  detect  the  heat 
radiated  by  the  moon.  A  beam  of  moonlight  was  admitted 
through  a  slit  in  a  shutter.  As  the  moon  (nearly  full) 
travelled  from  left  to  right  the  beam  passed  gradually  across 
the  instrument,  causing  the  index  to  be  deflected  several 
degrees,  first  to  the  left  and  then  to  the  right.  The  effect 
showed,  according  to  a  very  rough  estimate,  that  the  air  in 
the  instrument  must  have  been  heated  by  the  moon's  rays  a 
few  ten-thousandths  of  a  degree,  or  by  a  quantity  no  doubt 
the  equivalent  of  the  light  absorbed  by  the  blackened  surface 
on  which  the  rays  fell." 

E.  W.  BiNNEt,  F.R.S.,  the  President,  said  that  of  late  years 
considerable  attention  had  been  devoted  to  the  examination 
of  the  beds  of  sand  and  gravel  found  in  the  valleys  formed  since 
the  deposition  of  the  till  or  boulder  clay.  Sir  Charles  Lyell, 
in  his  valuable  work  on  the  Geological  Evidences  of  the 
Antiquity  of  Man,  has  given  us  many  facts  connected  with 
these  valley  gravels,  especially  relating  to  the  terraces  of  the 
higher  and  lower  level  gravels  found  in  the  valley  of  the 
Somme,  in  which  the  flint  instruments  have  been  met  with. 
As  these  two  deposits  are  seen  in  the  neighbourhood  of  Man- 
chester, he  wished  to  direct  attention  to  all  excavations  that 
were  being  made  in  them,  in  order  that  any  remains  or 
implements  which  might  be  met  with  should  be  preserved. 
Doubtless  many  interesting  specimens  have  perished,  owing 
tothe  parties  finding  them  being  ignorant  of  their  value.  Many 
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years  since  a  fonner  member  of  this  Society^  the  hite  Mr.  F. 
Loonej,  F.6.S.,  in  speaking  of  the  superficial  gravel  found 
in  this  neighbourhood^  at  page  23*,  says  : — **  Imbedded  in 
the  gravel  near  the  river  courses  are  occasionally  found  the 
stone  celts  of  the  ancients,  from  which  it  is  presumed  that 
the  rivers,  since  the  country  was  inhabited,  have  either  sawn 
their  beds  deeper  or  much  exceeded  their  present  volume  of 
water ;  several  large  trees  have  been  dug  up  from  the  sand 
and  gravel ;  part  of  one  is  now  lying  near  the  residence  of 
the  Kev.  J,  Clowes,  at  Kersal  Moor,  which  was  dug  from 
the  Show  Field  on  his  estate,  at  upwards  of  20  feet  elevation 
above  the  present  level  of  the  river.  A  case  more  illus- 
trative of  this  was  beautifully  shown  in  the  winter  of  1820, 
daring  the  catting  away  part  of  the  high  ground  at  Castle- 
field,  near  the  tunnel  mouth;  for  sixteen  feet  below  the 
level  of  the  grass  a  wooden  box  was  found.  It  was  square 
and  formed  of  four  upright  posts,  driven  into  a  bed  of  clay ; 
the  sides  and  bottom  were  closed  in  with  logs  of  wood ;  the 
logs  were  rudely  hewn,  had  been  riven,  not  sawn,  from  five 
to  six  inches  square ;  some  greenstone  boulders  lay  at  the 
bottom,  and  the  whole  was  covered  with  sixteen  feet  of 
sand  and  gravel ;  twelve  feet  of  the  lower  part  had  never 
been  disturbed,  the  continuity  of  the  layers  being  unbroken. 

BBOnOH. 


Alluvinm,  four  feet. 


Layers  of  gravel,  twelve 
feet,  unbroken. 


Box. 


Layer  of  clay. 


Gravel." 

*  Lbt  of  Organio  Bemaint,  &c.,  and  wbere  found,  to  aocompany  Mr.  Elias 
Hifff  Introduction  and  Map,  hj  Mr.  Francis  Looney,  member  of  the  Literary 
indFhiloipfaioal  Sodety  of  Manoheeter,  publiabed  in  1886. 
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Mr.  Looney  was  well  known  to  be  a  most  accurate  and  intel- 
ligent observer,  and  his  mention  of  stone  celts  having  been 
found  at  levels  above  the  present  river  courses,  appears  to 
afford  us  fair  hopes  of  their  being  found  in  the  lower  level 
gravel  if  carefully  looked  for.  But  the  most  interesting  fact 
is  the  finding  of  the  wooden  fabric,  by  the  author  termed  a 
box,  which,  although  smaller  in  size,  bears  some  resemblance 
to  the  erannoges  found  sometimes  in  Ireland  under  the  peat 
bogs.  He  (the  President)  had  lately  been  to  examine  the 
place  where  it  was  found,  which  is  to  the  south  of  and  just 
outside  of  the  old  Roman  Station  of  Mancunium,  in  company 
with  a  party  who  saw  the  fitbric  when  it  was  first  exposed^ 
and  stood  in  it  afterwards.  The  locality  of  course  is  now 
much  changed,  but  the  person  was  able  to  point  out  to 
him  the  position  where  it  was  found,  which  is  now  covered 
by  Ne.  6  arch  of  the  Altrincham  Railway,  and  said  that  it 
was  about  six  feet  square  and  four  feet  high.  The  four 
upright  posts  driven  into  the  clay  were  about  five  inches 
thick,  and  roughly  riven,  as  were  also  the  slabs  forming  the 
sides  and  bottom.  His  informant  did  not  notice  any  top  to 
the  fabric,  or  how  the  slabs  had  been  fastened  to  the  posts, 
but  he  remembers  a  layer  of  cobble  stones^  each  about  sik 
inches  in  diameter,  forming  a  kind  of  pavement,  being  in  the 
bottom  of  it.  Upon  these  stones  were  some  bones,  which  he 
examined,  but  did  not  recognise  any  of  them  as  human.  All 
the  wood  appeared  to  be  oak,  but  it  was  very  rotten,  and  fell 
to  pieces  soon  after  it  was  exposed  to  the  air.  None  of  it  was 
preserved.  Under  the  clay  the  red  rock  (Trias)  was  found 
at  a  short  distance.  The  geological  position  where  the 
fabric  was  found  is  in  the  lower  level  gravel,  about  29  feet 
above  the  water  of  the  present  river  Irwdl.  For  whatever 
purpose  it  was  made,  there  can  be  little  doubt  as  to  its  having 
been  the  work  of  man,  and  as  we  are  assured  that  the  over- 
lying sand  and  gravel  was  quite  undisturbed,  there  can  be  as 
little  question  of  its  great  antiquity,  readung  as  far  back  a« 
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tbe  age  of  the  lower  level  gravels  of  the  valley  of  the  Somme 
in  France,  where  the  flint  implements  have  been  found. 
Doubts  have  been  raised  as  to  these  flints  having  been 
fashioned  by  human  hands,  but  as  to  the  origin  of  the  wooden 
&bnc,  if,  as  stated,  it  was  covered  by  12  feet  of  undisturbed 
sand  and  gravel,*  no  such  doubts  can  rationally  be  raised. 

A  Paper  was  read,  entitled,  *'  Notes  on  the  Action  of  Heat 
and  Force  upon  Matter,"  by  J.  C.  Dyer,  V.P. 

Confining  his  observations  to  the  "  action  of  mechanical 
forces," — apart  from  those  depending  on  the  electrical, 
magnetical,  and  vital  forces — he  held  the  former  to  depend 
on  the  inherent  properties  of  matter,  as  gravity,  inertia,  and 
elasticity,  each  coextensive  with  the  material  universe. 

That  force  cannot  in  any  case  be  treated  as  an  abstraction 
or  as  apart  from  the  matter  in  which  it  resides,  though 
several  authors  have  had  recourse  to  such  an  abstraction,  to 
account  for  phenomena  attending  the  operation  of  force. 
Mechanical  action,  depending  on  the  elastic  force  generated 
by  the  agency  of  carbon  and  water,  being  of  so  great 
importance,  it  is  desirable  to  obtain  some  settled  knowledge 
as  to  how  this  arises.  We  all  know  that  by  combustion  of 
the  former  the  latter  is  coflverted  into  steam.  That  which 
passes  from  the  burning  coals  through  the  boiler  plates  and 
into  the  water  to  form  the  elastic  vapour,  is  called  heat;  but 
whether  it  be  a  union  of  heat  with  the  water,  or  only  a 
transmitted  mechanical  action  on  the  water,  causing  its 
atoms  to  separate  and  assume  the  elastic  state,  remains  a 
qtiestion  for  solution ;  and  of  late  several  able  writers  have 
offered  explanations  of  this  phenomenon  founded  on  the  sup- 
posed nonentity  of  heat  and  the  agency  of  mechanical  force 
to  form  steam,  and  thus  rejecting  the  latent  heat  theory  which 
before  seemed  to  account  for  the  heat  absorbed  to  form  steam. 
So  fiir  as  the  latent  heat  theory  serves  to  explain  phenomena^ 
the  mechanical  creation  of  heat  is  uncalled  for,  since  it  is 
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unphilosophical  to  assign  new  causes  when  those  before 
accepted  clearly  meet  the  case.  Yet  we  have  seen  two  elabo- 
rate essays^  by  Dr.  W.  J.  M.  Bankine  and  Professor  Tyndall, 
each  based  on  {he  force  heat  assumption^  but  without  a£fording 
any  solid  proofs  of  its  application  to  the  phenomena  adduced 
by  them.  • 

Mr.  Bankine  states  that  ^'  Heat  produces  an  increase  of 
temperature  and  of  expansive  force  in  bodies ;  that  the  changes 
from  the  solid  and  liquid  states  to  the  gaseous  state  is  accom- 
panied by  an  increase  in  volume ;  that  heat  which  produces 
those  effects  is  known  by  the  name  of  sensible  heat,  as  attain- 
ing the  form  of  heat^  and  in  short  making  the  body  hotter." 
Again,  that  '^  changes  of  volume  are  attended  with  changes 
of  molecular  arrangement^  perceptible  or  imperceptible,  and 
that  the  latent  heat  of  expansion  or  evaporation  consists  of 
heat  that  disappears  in  overcoming  pressure  and  the  attrac- 
tion of  the  particles  of  the  body."  In  reference  to  the  non- 
production  of  heat  by  the  moving  force  exerted  in  waterfalls, 
the  following  solution  is  offered,  viz. :  "  It  is  natural  to 
suppose  that  the  motion  during  this  phenomenon  (the  falling 
of  a  mass  of  water)  has  not  been  destroyed,  but  has  been  con- 
verted into  revolutions  of  the  particles  in  vortices  or  eddies  too 
small  to  be  perceptible  by  any  of  •our  means  of  observation, 
and  that  the  centrifugal  force  of  such  eddies  is  the  cause  of 
the  tendency  of  hot  bodies  to  expand,  melt,  and  evaporate." 

The  first  class  of  phenomena  above  cited  are  plainly 
accounted  for  by  the  doctrine  of  latent  heat,  but  the  latter 
explanation  about  waterfalls  passes  Mr.  Dyer's  comprehension. 
He  submits  that  what  is  said  to  be  natural  to  suppose  con- 
cerning the  revolutions  of  particles  in  vortices  and  eddies  too 
small  to  be  perceived  is  too  obscure  and  questionable  to  be 
accepted  in  explanation  of  anything.  If  Mr.  Rankine  has 
no  better  mode  of  accounting  for  the  nonappearance  of  heat 
from  the  force  expended  in  waterfalls  than  the  above,  his 
defence  of  the  generation  of  heat  by  force  fails,  and  the 
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balancing  the  force  by  the  resistance  at  the  foot  of  the  falls 
is  just  as  open  to  view  as  the  falling  force  itself;  so  that  the 
motions^  too  small  to  be  perceived,  are  supererogatory  inven- 
tions.    The  dynamical  origin  of  heat  is  also  set  forth  hy 
Professor  Tyndall,  in  a  paper  "  On  the  Forms  and  Action  of 
Water."     Examples  are  therein  adduced  of  vast  mechanical 
forces  exerted  hy  the  formation  of  water,  and  by  its  changes 
from  the  states  of  a  solid,  liquid,  and  vapour.     He  says  that 
"  on  the  combination  of  oxygen  and  hydrogen  to  form  water 
weighing  101b.  an  energy  was  expended,  the  atoms  clashing 
together  ^vith  a  force  equal  to  that  of  a  ton  weight  let  fall 
from  a  height  of  23,767  feet.     In  falling  from  the  state  of 
vapour  to  that  of  water  an  energy  was  expended  equal  to  that 
of  a  ton  falling  from  a  height  of  3,700  feet,  the  moving  force 
of  the  stone  avalanches  of  the  Alps  was  but  as  that  of  snow- 
flakes,  compared  with  the  energy  involved  in  the  formation 
of  a  cloud.      In  passing  finally  from  the  liquid  to  the  solid 
state,  the  atoms  of  101b.  of  water  exercised  an  energy  equal  to 
that  of  a  ton  weight  falling  down  a  precipice  550  feet  high." 
Now,  the  union  of  the  gases  to  form  water,  the  evapora- 
tion of  it  to  form  steam,  and  freezing  it  into  ice,  are  chemical 
changes,  and  the  forces  called  into  action  by  them  are  chemi- 
cal forces,  which  cannot  be  measured  by  that  of  gravity  in 
falling  tons   or  even  ounces ;    but   the   mutations  of  heat 
attending  those   changes   are   measured  by  degrees,  when 
passing  from  the  latent  to  the  sensible  state,  and  vicexersa. 
Of  vapour  in   the   air,  the   Professor   says,  that    "  though 
forming  only  about  0*5  per  cent  of  the  atmosphere,  for  every 
ray  of  terrestrial  heat  struck  down  by  the  air,  fifty,  sixty,  or 
seventy  rays  were  destroyed  by  the  aqueous  vapour.     This 
vapour  permitted  the  solar  rays  to  reach  the  earth,  but  inter- 
cepted the  terrestrial  rays  in  their  escape  towards  space,"  and 
he  adds  that  "  in  the  presence  of  such  experiments,  it  was  easy 
to  see  how  the  snow  of  the  Alpine  mountains,  and  how  the  ice, 
should  be  squeezed  through  the  moulds  formed  by  the  valleys. 
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and  then  that  these  mountain  glaciers  were  as  much  a  proof 
of  heat  as  of  cold,  and  to  produce  the  vapour  to  condense 
and  form  glaciers  required  as  much  heat  as  would  raise  five 
times  the  weight  of  the  glaciers  of  cast  iron  to  its  melting 
point."  The  heat  required  to  convert  water  into  steam  as  it 
passes  from  the  sensible  into  the  latent  state  is  a  known 
quantity,  so  also  is  the  amount  required  to  convert  ice  into 
water ;  hut  that  required  to  melt  a  pound  of  ice  and  evapo- 
rate a  pound  of  water  would  fall  far  short  of  melting  five 
pounds  of  cast  iron. 

That  no  mechanical  energy  is  exerted  in  the  conversion  of 
water  into  steam  is  obvious  to  our  senses,  since  evaporation 
is  the  most  gentle,  imperceptible,  as  well  as  the  most 
universal  action  in  Nature's  laboratory;  and  although  the 
elasticity  of  the  steam  itself  exerts  mechanical  force,  equal 
to  the  atmospheric  pressure,  chemical  force  alone  is  concerned 
in  evaporation,  and  therefore  cannot  be  compared  with 
falling  bodies,  so  that  the  alleged  energy  and  clashing  force 
of  atoms  J  in  the  actions  of  water  cited,  are  wholly  imaginary ; 
nor  can  philosophy  assert  any  fact  relating  to  mechanical 
action,  which  cannot  be  proved  by  experiment  or  established 
by  plain  induction ;  and  in  the  cases  cited,  no  one  can  know 
anything  about  the  occult  forces  and  energies  of  the  motions 
of  atoms  attending  the  mutations  of  water.  Great  lespect 
is  due  to  both  of  the  gentlemen  whose  essays  have  invited 
the  above  strictures;  but  the  search  after  the  truths  of 
science  *^  should  not  halt  before  high  names." 

Mr.  Rankine,  in  offering  demonstrations  of  the  dynamical 
origin  of  heat,  allows  that  heat  disappears  and  becomes  latent 
in  water,  in  passing  from  the  solid  to  the  liquid  state,  and 
from  this  into  vapour,  as  also  that  the  same  amount  of  heat 
is  given  out  and  reappears  as  sensible  heat,  upon  the  reversal 
of  those  changes ;  thus  in  substance  admitting  the  latent  heat 
doctrine,  whilst  denying  the  materiality  of  that  which  does 
so  enter  into  a  latent  and  reappear  in  a  sensible  state,  and 
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calling  this  heat  the  production  of  force,  when  no  mechanical 
force  whatever  is  called  into  action  hy  those  mutations  of 
water.  They  are,  however,  plainly  explained  by  the  agency 
of  heat,  in  its  chemical  union  with  water  and  its  evolution 
from  water.  Although  the  evolution  and  absorption  of  heat 
from  the  compression  and  expansion  of  elastic  fluids  bears  a 
constant  relation  to  the  amount  of  compression  and  to  the 
compressing  force,  yet  this  is  not  the  case,  as  Mr.  Rankine 
supposes,  in  the  resistance  to  compressing  forces  by  liquids 
and  solids ;  the  amount  of  compression  in  these  latter  cases 
depends  upon  the  relative  mobility  of  the  particles  of  the 
bodies,  and  we  find  forces  of  great  energy,  exerted  against 
yielding  solids,  as  in  carriage  and  other  springs  and  elastic 
bodies,  are  in  continuous  action  without  producing  any 
sensible  heat  when  no  compression  takes  place.  If  it  were 
true  that  acting  forces  always  produced  their  equivalent  in 
heat,  then  the  powerful  movements  of  railway  springs, 
hydraulic  presses,  and  the  like,  should  raise  intense  heat 
in  the  steel  springs  and  water  exerting  such  force,  and  the 
absence  of  any  heat  in  such  cases,  must  be  fatal  to  the 
dynamic  creation  of  heat.* 

The  following  Paper,  "  On  the  Chemical  Constitution  of 
American  Rock  Oil,"  by  Mr.  Schorlemmer,  Assistant  in  the 
Laboratory  of  Owens  College,  was  communicated  by  Professor 
Roscob: — 

In  a  Paper  published  in   the   October   number  of  the 

Chemical  Society's  Journal,  I  showed  that  the  products  of 

the  distillation  of  cannel  coal  at  a  low  temperature  contain  a 

series  of  homologous  hydrocarbons  of  the  formula  Cn  H^j* 

I  further  showed  that  these  are  the  hydrides  of  the  alkohol 

radicles,  as,  upon  treatment  with  chlorme,  they  yielded  by 

wbstitution  of  one  atom  of  hydrogen  by  one  of  chlorine  the 

•  I  hare  experimentaUj  determined  the  thermal  effects  of  compreamng 
or  dflating  metals  and  flnid»,  and  have  found  these  effects  to  be  strictly  in 
•ecordance  with  the  dynamical  theory  of  heat.     See  FhU,  Trant^y  1869.— Ed. 
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corresponding  chlorides,  from  which  other  derivatives  may 
be  obtained* 

In  the  portion  of  the  oil  boiling  below  120®  C,  I  found  the 
following  four  hydrides : — 

Cio  Hi2  hydride  of  amyl,  boiling  point    89°  C. 

Cn  Hh  hydride  of  hexyl, 68°  C. 

Cu  Hm  hydride  of  heptyl, 98°  C. 

Cie  Hi8  hydride  of  octyl, 1 19°  C 

Of  these  the  hydride  of  heptyl  or  oenanthyl  is  the  most 
interesting,  as  it  was  previously  unknown,  and  I  therefore 
undertook  the  investigation  of  its  derivatives,  concerning 
which  likewise  our  knowledge  is  very  limited  and  contra- 
dictory. Thus,  for  instance,  many  chemists  state  that  the 
alkohol  obtained  by  the  distillation  of  castor  oil  with  potash 
is  heptylic  alkohol,  whilst  others  regard  it  as  octylic  alkohol, 
and  it  is  only  by  the  most  recent  experiments  of  Bonis  *  that 
we  learn  with  certainty  that  this  substance  is  octylic  alkohol, 
inasmuch  as  he  obtained  the  true  heptylic  alkohol  by  the 
action  of  nascent  hydrogen  on  oenanthol.  For  the  purpose 
of  this  investigation  I  endeavoured  to  obtain  the  hydride  of 
heptyl  from  the  American  petroleum,  as  the  yield  of  this  sub- 
.  stance  from  the  cannel  oils  is  but  small,  and  the  labour  of 
purification  tedious  and  disagreeable. 

The  existence  of  this  hydride  in  the  petroleum  was  rendered 
probable  by  the  fact  of  the  discovery  of  hydride  of  hexyl  by 
Pelouze  and  Cahours.f 

The  oils  which  I  examined  are  those  known  by  the  name 
of  turpentine  substitute,  and  obtained  as  the  first  products  in 
the  rectification  of  the  crude  oil.  Different  samples  of  the 
commercial  articles  possess  very  different  properties,  the 
spec.  gr.  lies  between  0*70 — 0-75.  One  sample  began  to  boil 
at  80°  C,aud  the  greatest  portion  distilled  over  below  100°  C, 
whilst  others  between  80° — 150°C,  and  others  between 
100°_200°  C. 

*  Compt  rend.  65. 140. 
t  Compt.  rend.  64,  1241. 
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When  these  oils  are  subjected  to  fractional  distillation  no 
product  of  constant  boiling  point  is  obtained,  the  oils  requiring 
for  this  purpose  a  preliminary  purification  with  concentrated 
nitric  acid. 

The  greatest  portion  of  the  oils  remains  unattacked^  and 
the  acid  solution  contains  nitrobenzol  (from  which  aniline  was 
prepared)^  nitrotoluol  and  binitrotoluol,  and  small  quantities  of 
fatty  acids  produced  from  traces  of  defines  which  are  pro- 
bably contained  in  the  crude  oils. 

I  tried  to  separate  these  defines  by  adding  bromine  to  the 
crade  oil  until  the  colour  of  the  latter  no  longer  disappeared; 
a  few  drope^  however,  are  sufficient  for  a  large  quantity  of 
the  oil,  and  when  the  whole  is  subjected  to  distillation,  a  very 
few  drops  of  bromine  compounds  of  a  high  boiling  point 
remained  behind,  the  quantity  of  which  was  too  small  for 
further  examination. 

The  oil  after  this  treatment  was  well  washed,  dried  over 
potash,  and  rectified  repeatedly  over  sodium.  By  fractional 
distillation,  the  following  four  hydrides  were  obtained^  and 
found  to  be  identical  with  the  hydrides  from  the  cannel  tar: — 

Cio  Hu  hydride  of  amyl,  boiling  point    34**  C. 

Cu  Hi4  hydride  of  hexyl, 68°  C. 

Cu  Hw  hydride  of  heptyl,   98°  C. 

C„Hia  hydride  of  octyl, 119^  C. 

In  addition  to  these  I  obtained  a  small  quantity  (about  one 
gramme)  of  a  liquid  boiling  between  20° — 30®  C,  and  hence 
we  may  infer  that  also  hydride  of  butyl  is  present  in  small 
quantities. 

I  stated  in  the  paper  above  alluded  to  that  hydride  of 
amyl  boils  at  39°  C.  The  same  compound  from  petroleum 
boils  at  34°  C.  I  find,  however,  that  the  presence  of  traces 
of  foreign  substances  alter  the  boiling  point  of  this  body  very 
considerably.  Thus,  for  instance,  I  obtained  from  the  crude 
<ril  about  one  ounce  of  a  liquid  which  boiled  from  16° — ZO^  C ; 
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after  treatment  with  nitric  acid,  the  volume  of  the  liquid 
remained  almost  unchanged,  showing  that  only  a  very  small 
quantity  of  substance  had  been  removed ;  but,  after  drying 
with  potash  and  rectifying  over  sodium,  it  was  found  that  a 
mere  trace  of  the  liquid  boiled  below  30*^  C;  nearly  the 
whole  distilled  at  34°  C,  and  consisted  of  hydride  of  amyl. 
Of  the  four  hydrides  which  I  isolated,  I  have  only  prepared 
the  hydride  of  heptyl  in  quantity ;  four  gallons  of  turpentine 
substitute  boiling  between  80^ — 150°  C,  yielded  three  pounds 
of  the  pure  compound. 

In  order  to  obtain  from  this  other  heptyl  compounds,  it 
was  transformed  into  the  chloride  according  to  the  excellent 
method  described  by  Hugo  Miiller,*  which  consists  in  the 
addition  of  a  small  quantity  of  iodine  to  the  substance  which 
is  to  be  treated  with  chlorine.  The  substitution  occurs  much 
more  rapidly  in  this  case  than  when  chlorine  alone  is 
employed,  and  goes  on  in  absence  of  the  daylight,  so  that  a 
rapid  current  of  chlorine  gas  can  be  led  into  the  liquid  without 
any  chlorine  escaping  with  the  hydrochloric  acid  vapours. 

Hence  it  is  seen  that  the  constitution  of  American  petro- 
leum, at  least  that  portion  boiling  below  120°  C,  is  quite 
analogous  to  that  of  the  oil  from  cannel  tar. 

Petroleum  consists  mainly  of  the  hydrides  of  the  alkohol 
radicles,  it  contains  very  small  quantities  of  benzol  and 
toluol,  and  probably  traces  of  olefines,  whilst  in  the  cannel 
coal  oil  the  hydrides  are  found  in  smaller  quantities,  and 
benzol  and  toluol  in  proportionally  larger  amounts.  In  the 
oil  obtained  by  distillation  of  boghead  coal,  Greville  Williams 
has  discovered  a  series  of  hydrocarbons  possessing  the  com- 
position and  physical  characters  of  the  hydrides  C«  H^  +  a, 
also  benzol  and  its  homologues  and  olefines.f 

The  rock  oils  obtained  in  other  countries  appear  to  possess 
a  somewhat  similar  constitution. 

*  Joum.  Chem.  Soc,  15,  41. 
t  Phil.  Trans.,  1857, 
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Thus,  for  instance,  Warren  de  la  Rue  and  Hugo  Miiller* 
found  in  the  Rangoon  tar,  benzol,  toluol,  xylol,  and  cumol 
and  hydrocarbons  of  the  formula  Cn  H«  +  2.  They  were, 
however,  unable  to  isolate  from  these  a  compound  of  definite 
composition  and  boiling  point.  The  rock  oil  from  Sehnde,in 
Hanover,  consists,  according  to  the  investigation  of  Busenius, 
£ifienstuck,t  and  XJelIsmann,j:  of  hydrocarbons  of  the  same 
general  formula,  but  they  likewise  failed  to  obtain  definite 
products. 

Pebal  and  FTeund§  found  in  the  rock  oil  from  Gallicia 
benzol  and  homologues,  carbolic  acid  and  homologues,  and 
hydrocarbons  which  are  not  attacked  by  the  strongest  acids> 
tad  probably  identical  with  those  previously  mentionedi 
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16th  February,  1868. 

Mr.  Joseph  Sidbbotham,  Vice-President  of  the  Section, 
in  the  Chair. 

Captain  Fletcher,  of  the  ship  "Tigris,"  presented  a 
portion  of  harbour  mud  from  Singapore,  and  five  soundings 
from  the  coasts  of  Java  and  Sumatra. 

Mr.  £.  D.  Darbishibe  presented  specimens  of  mud  and 
fcesil  shells  (received  through  Dr.  P.  P.  Carpenter)  from  the 
post-pliocene  or  latest  tertiary  deposits  at  Logan's  Farm^ 
Mile-end  Quarries,  near  Montreal,  Canada,  described  by  Sir 
C.  Lyell  Q'  First  Travels  in  North  America,"  Vol.  II.,  p.  186), 
snd  in  Papers  by  Dr.  J.  W.  Dawson  in  the  *' Canadian 
Naturalist,"  1858  and  in  1859.  Mr.  Darbishire,  in  a  note  to 
the  Secretary,  stated  that  one  of  the  peculiarities  of  the 
deposit  is  that  it  seems  to  have  been  formed  in  a  quiet  hollow. 

*  Jahreeberioht)  9,  606. 
t  Liebig's  Annalen,  118 — 116. 
t  Ihid,  114—279. 
§  Liebig't  Azmalen,  115, 19. 
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Spiculse  of  spouges  are  found  in  position  as  if  the  sponge  had 
grown  and  been  quietly  buried  on  the  spot.  Amongst  other 
characteristic  fossils  are  numerous  Foraminiferse^  and  a 
silicious  and  close  textured  sponge  referred  to  Tethea^  of  the 
species  Logani^  which  is  now  found  in  water  from  the  tide 
line  to  SOO  fathoms  deep.  Mr.  Neyill  undertook  to  examine 
and  report  upon  the  specimens. 

Mr.  H.  A.  HuKST  presented  a  copy  of  Part  IV.,  Vol.  XII , 
of  tha  ^^  Journal  of  the  Agricultural  and  Horticultural  Society 
of  India/'  published  at  Calcutta,  containing  the  Prize  Essay 
on  Cotton  Cultivation  in  India  from  foreign  seed,  by  Dr.  J. 
Shortt,  F.L.S.,  Zillah  Surgeon,  Cfaingleputt,  for  which  the 
prize  of  1,000  rupees  and  the  gold  medal  of  the  Manchester 
Cotton  Supply  Association  were  awarded.  Mr.  Hurst  read  a 
paragraph  from  page  499  relating  to  the  early  stage  of  the 
cotton  pod^  which,  bearing  upon  points  lately  in  dispute  and 
not  b^foje  published  in  this  country,  is  given  entire.  ^*  On 
examining  a  cotton  pod  soon  after  the  ovary  has  been  im- 
pregn^ated  (which  is  known  bj  the  change  in  colour  aud  die 
fadii^  of  the  petals,  ox  flower  leaves,  or  corolla),  it  is  found 
to  contain  a  number  of  seeds  according  to  its  partici^^ 
variety.  If  a  single  seed  be  separated  and  examined  by  the 
naked  ^e  nothing  is  visible;  but  when  seen  through  the 
microscope,  it  is  found  covered  with  a  villous  coat,  formed 
apparently  pf  elongated  cells  joined  end  to  end.  Tliese  are 
filled  with  sap.  The  young  seed  itself  is  somewhat  pear- 
sbi^d,  and  resembles  in  miniature,  some  of  the  China 
candied  fruits  with  the  frosted  crystals  of  sugar  covering  it. 
On  letting  out  the  contents  of  a  single  cell,  it  is  found  to 
consist  of  granular  oelk  containing  a  centro-lateral  nucleus. 
On  examining  a  pod  between  three  and  four  weeks  old,  the 
seed  still  retains  somewhat  of  its  pyriibrm  shape,  and  appears 
quite  shaggy.  The  fibres,  tapering  to  a  point  at  their  free 
end,  resemble  hollow  cylindricalj  tube^  filled  with  fluid,  and 
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TftTjr  in  length ;  and  on  submitting  a  single  fibre^  compressed 
between  pieces  of  glass^  to  the  microscope,  the  flattened 
surfaces  become  distinctly  visible.  Again,  on  substituting  a 
mature  fibre  before  it  gets  dried,  the  filament  is  found  to 
consiBt  of  tubular  hairs,  which  are  now  quite  cylindrical. 
After  Ae  dehiscence  of  the  mature  capsule  by  the  oon- 
tracdon  and  separation  of  its  valves,  the  wool  becomes  dry 
fimii  exposure.  A  filament  now  placed  under  the  microscope 
is  found  to  resemble  a  flattened  piece  of  tape,  twisted  upon 
itself,  and  apparently  formed  of  an  extremely  thin  and 
tiaBsparent  membrane,  interspersed  with  dark  granular 
matter,  which,  after  a  certain  time,  disappears  in  some  of 
Um  varietiesi." 

Mr.  J.  G.  Lykdb,  F.G.S.,  M.  Inst.  C.K^  read  a  Paper 
''On  the  Action  of  Magenta  upon  Vegetable  Tissue,^'  in 
which  he  described  a  series  of  experiments  upon  cuttings  of 
Yallisneria  immersed  in  a  solution  of  that  dye  in  cells  under 
the  microscope,  and  its  efiect  upon  the  circulation  in  that 
plant.  He  found  that  so  long  as  the  vital  action  continued, 
the  eeU  walls  and  the  moving  chlorophyll  retained  their 
green  colour,  but  the  injured  cells  were  immediately  deeply 
reddened,  and  their  contents  gradually  acquired  the  same 
colour,  the  intensity  of  which  was  in  proportion  to  the 
thickness  or  density  of  the  tissue.  Between  the  ceH  walls  it 
would  appear  that  there  exists  an  intercellular  membrane, 
devoid  of  vital  action,  which  becomes  rapidly  coloured  whilst 
the  circulation  continues  active.  On  the  inner  surfoce  of  the 
cdl  wally  whilst  rotation  is  going  on,  the  author  observed  a 
hndnous  stratum  suggesting  the  action  of  cilise,  but  in 
every  observation  as  the  dye  permeated  the  tissue  and  the 
circulation  ceased,  the  true  cell  wall  became  covered  with 
irregular  markings,  either  corrugated  or  having  raised 
excrescences,  scarcely  alike  in  any  two  cells ;  in  no  case  were 
the  markings  visible  until  the  rotation  had  ceased,  and  they 
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had  the  appearance  which  would  be  produced  by  cili» 
falling  against  the  cell  wall  in  all  positions  upon  the  sus- 
pension of  vital  action  * 

The  chlorophyll  vesicles  appear  in  three  forms :  in  a 
gelatinous  sac  or  mass  rotating  altogether  in  the  cells ;  as 
independent  vesicles  apparently  homogenous  in  their  structure, 
rendered  opaque  by  colouring  matter;  and  lastly,  as  inde- 
pendent vesicles  somewhat  increased  in  size,  of  a  pale  green 
colour,  almost  transparent,  containing  nuclei,  one,  two,  or 
three  in  number,  which  in  reality  appear  to  be  immature 
vesicles  within  the  parent,  similar  to  Vol  vox  globator,  without 
rotatory  motion.  The  chlorophyll  vesicles  appear  to  resist 
the  action  of  the  magenta  for  some  time  after  their  rotation 
has  ceased,  indicating  a  vitality,  at  least  to  a  certain  extent, 
independent  of  that  of  the  cell.  In  some  of  the  experiments 
a  few  of  the  cells  assumed  a  purplish  colour,  whilst  in  the 
adjoining  cells  the  circulation  was  active  and  the  chlorophyll 
green;  in  those  the  chlorophyll  appeared  to  be  decomposed, 
and  the  cell  to  be  nearly  full  of  very  minute  dots,  swarming 
like  the  granules  in  Closterium  lunula.  Upon  this  subject . 
the  author  offered  no  opinion.  The  observations  were  made 
with  ith  and  ith  objectives,  and  the  paper  contained  minutia 
of  several  experiments,  with  the  hours  of  observation,  tem- 
perature of  the  room,  and  other  particulars. 

Dr.  Roberts  observed  that  Mr.  Lynde's  remarks  upon  the 
separate  vitality  of  the  cell  and  cell  contents  were  very 

*  Eminent  mioroscopists  do  not  entertain  the  idea  of  the  ciroidation  in 
Vallisneria  being  due  to  ciliary  action  ;  "  this  appearance  is  decidedly  afltoned 
by  Mr.  Wenham  to  be  an  optical  iUusion."  (See  Dr.  Branson,  in  "  Quarterly 
Journal  of  Microscopical  Science"  for  1855,  VoL  III.,  p.  274,  and  Mr. 
Wenham,  p.  277,  quoted  by  Dr.  Carpenter,  "  Microscope  and  its  Eevelations," 
8rd  ed.,  p.  408.)  This  opinion  was  no  doubt  formed  solely  upon  obserrations 
made  during  yital  action,  and  may  be  modified  upon  examination  of  the  sup- 
posed dead  and  dying  cili®  rendered  visible  by  the  action  of  the  magenta  dye. 
(See.  Micro.  Section.) 


89 

saggesti?e ;  he  had  noticed  that  fresh  blood  discs  (for  instance 
from  a  pricked  finger)  were  not  immediately  affected  by 
Magenta,  but  that  some  little  time  was  required  for  the  dye 
to  permeate  the  envelopes. 

Mr.  Nevill  exhibited  a  new  form  of  cell  cut  out  in  card- 
board^ containing  seven  divisions  for  seven  different  objects ; 
it  is  very  suitable  for  Foraminferse,  Diatomacese^  &c.,  and 
may  contain  seven  species,  which  will  economise  space 
in  cabinets  and  facilitate  exhibition.  The  perforations  are 
about  I  of  an  inch  in  diameter,  and  are  made  with  a  saddler's 
hand-punch ;  the  disc  is  then  covered  with  black  varnish  and 
secured  to  the  glass  slide. 

Mr.  J.  B.  Dancer  exhibited  new  cells  for  opaque  objects 
of  various  sizes ;  they  are  made  of  composition,  and  are  cast 
in  a  mould. 

Mr.  J.  G.  Dale  exhibited  with  the  polariscope,  crystallised 
films  of  Santonine,  and  of  Picrate  of  Aniline;  they  are 
very  rich  in  colour,  and  some  of  the  forms  are  believed  to 
be  new. 


MATHEMATICAL   AND    PHTSICAL   SECTION. 

Annual  Meeting,  March  5th,  1868. 

Joseph  Baxbndell,  F.R.A.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

On  the  motion  of  Mr.  Atkinson,  seconded  by  Mr.  Dickin- 
son, it  was  resolved  that  Rule  4  be  altered  by  adding  the 
following  words :  "  No  person  shall  hold  the  office  of  President 
for  more  than  two  years  in  succession." 
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The  following  gentlemen  were  elected  ofloers  of  the  Section 
for  the  ensuing  year : — 

MR.  JOSEPH  BAXENDELL,  F.RXS- 

MR.  ROBERT  WORTHINGTON.  F.R.A.S. 
MR.  E.  W.  BINNEY,  F.R.S.,  P.G.S. 

MR.  GEORGE  MOSLEY. 

Ikmtarf. 
PROFESSOR  R.  B.  CLIFTON,  M.A»,  F.RX3. 

In  illustration  of  the  ahnormal  character  of  the  seasoil^  two 
barometric  curves,  neatly  laid  down  on  engraved  forms  by 
Mr.  Sidebotham,  from  observations  made  by  him  at  Ashton- 
upon-Mersey  during  the  months  of  January  and  February 
last,  and  a  summary  of  meteorological  observations  taken  at 
Thelwall  by  Mr.  Atkinson,  F.G.S.,  during  the  month  of 
February,  were  communicated  to  the  Section.  The  mean 
height  of  the  barometer  at  Thelwall  for  February,  reduced 
to  SZ^  Fahr.,  and  to  mean  sea  level,  had  the  unusually  high 
value  of  SO-218  inches;  the  mean  temperature  was  42*6*^; 
and  the  total  fall  of  rain  was  only  0*811  inches. 

Mr.  Baxendbll  communicated  a  table  which  he  had  cal- 
culated, showing  the  monthly  sums  of  the  oscillations  of  mean 
daily  temperature  at  Grreenwich  during  the  thirteen  years 
1848 — 60;  and  also  the  mean  daily  values  for  the  different 
months.    The  mean  monthly  results  were  as  follows : — 
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January 102-8        July 828 

February 84*9        August    78*4 

March 88-4  September    ...  •  72-8 

April    90-6        October   844 

May 83-9  November   •...  94-5 

June  . • , 878  December    . . .  •  1071 
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He  oscillations  of  mean  daily  temperature  hare  hitherto 
been  strangely  neglected  by  meteorologists,  although  they 
undoubtedly  form  an  important  element  in  the  question  of 
climate.  The  curve  laid  down  from  the  above  numbers 
difiers  considerably  from  that  of  any  other  element  of  tern* 
perature,  the  principal  maximum  of  disturbance  occurring  in 
December,  and  the  principal  minimum  in  September ;  and  it 
is  perhaps  worthy  of  remark  that  the  course  of  this  curve 
appears  to  bear  a  well  marked  relation  to  the  annual  pro- 
gress of  the  growth  and  decay  of  plants,  the  period  of  maxi- 
mum disturbance  of  mean  daily  temperature  corresponding 
with  that  when  the  vital  principle  in  plants  is  least  active ; 
and  the  time  of  minimum  with  that  when  the  ripening  of 
the  more  important  cereals  and  fruits  takes  place. 

Mr.  Baxendell  also  drew  attention  to  the  attempt  which  is 
now  being  made  to  organise  an  association  for  the  systematic 
observation  of  variable  stars,  and  presented  to  the  Section  a 
chart  of  the  vicinity  of  the  variable  star  B.  Cants  minorisy 
neatly  executed  by  Mr.  George  Knott,  F.R.A.S.,  of  Woodcrofl 
Observatory,  Cuckfield,  Sussex.  This  chart  extends  over  one 
square  degree :  the  central  portion  of  half  a  degree  square 
includes  all  the  stars  which  are  visible  with  a  7-inch  object 
glass,  and  the  outer  portion  all  Argelander's  stars  to  the  9*5 
magnitude.  A  list  of  twelve  comparison  stars  is  given,  the 
magnitudes  of  which  have  been  photometrically  determined 
by  the  method  of  limiting  apertures.  In  reference  to  the 
objects  of  the  Association,  Mr.  Baxendell  remarked  that  the 
importance  of  a  careful  study  of  the  phenomena  of  variable  stars 
will  be  apparent  when  itis  considered  that  all  the  soH^lled  fixed 
stars — our  own  sun  included — are  supposed  to  have  a  general 
similarity  of  constitution;  and  as  several  eminent  astronomers 
have  doubted  whether  the  emission  of  light  from  the  sun  is 
absolutely  constant,  it  is  not  improbable  that  an  extended 
knowledge  of  the  phenomena  of  variable  stars  may  ultimately 
assist  us  in  obtaining  a  more  intimate  acquaintance  with  the 
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constitution  and  phenomena  of  the  great  luminary  of  our 
own  system,  and  lead  to  the  detection  of  changes  at  present 
not  recognised,  but  which  in  their  influence  upon  the  earth 
may  have  an  important  bearing  upon  many  questions  of 
considerable  interest  in  magnetical  and  meteorological  science, 
and  also  upon  the  economy  of  the  various  forms  of  vegetable 
and  animal  life.  The  recent  results  of  spectral  analysis  tend 
to  show  that  the  light  of  the  sun  has  a  general  resemblance 
to  that  of  the  class  of  stars  to  which  nearly  all  the  known 
variables  belong,  and  thus  give  additional  weight  to  the 
probability  that  it  may  also  be  slightly  variable. 

Professor  Clifton  made  a  communication,  in  which  he-, 
endeavoured  to  show  that  the  principles  of  the  mechanical 
theory  of  heat  afford  an  explanation  of  phenomena  attending 
the  production  of  light  by  bodies,  either  when  this  production 
of  light  is  due  to  incandescence  or  to  fluorescence.  His 
remarks  and  explanations  were  illustrated  by  a  series  of 
highly  interesting  experiments. 
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Ordinary  Meeting,  March  S4th,  1868. 

E.  W.  BiKNBY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Among  other  donations  for  which  the  thanks  of  the 
Society  were  voted,  was  a  framed  photograph  of  the  Executive 
Committee  of  the  British  ^^sociation  in  Manchester^  by  Mr. 
Alfred  Brothers. 

The  following  letter  was  read : — 
Sib, 

1.  I  have  to  call  attention  to  some  errors  in  Mr.  Dyer's 
representation  of  the  nature  and  contents  of  a  short  Essay  of 
mine,  which  was  read  to  the  British  Association,  in  1854, 
and  reprinted,  with  a  few  abridgments  and  emendations,  in 
the  *^ Engineer"  for  the  23rd  of  January,  1863,  and  which 
Mr.  Dyer  criticises  in  his  "  Notes  on  the  Action  of  Heat 
and  Force  upon  Matter,"  read  to  the  Literary  and  Philoso- 
phical Society  of  Manchester  on  the  1 1th  of  March. 

2.  Those  errors  consist,  in  the  first  place,  of  a  complete 
misconception  of  the  object  of  my  Essay ;  and  in  the  second 
place,  of  misquotations,  in  which,  by  the  alteration  of  some 
words  and  the  omission  of  others,  the  meaning  of  my  state- 
ments is  perverted  or  reversed. 

8.  I  have  no  doubt  that  those  errors  arose  merely  from 
inadvertency  on  the  part  of  Mr.  Dyer ;  and  I  trust  that,  when 
they  are  pointed  out,  his  own  sense  of  justice  will  make  him 
see  the  propriety  of  having  them  corrected  before  his  Paper 
is  published  at  length  in  the  ^^  Transactions." 

4.  With  regard  to  the  object  of  my  Essay,  Mr.  Dyer  says 
(at  page  78  of  the  abstract  of  his  Paper),  "  Yet  we  have 
•een  two  elaborate  essays,  by  Dr.  W.  J.  M.  Eankine  and 
Mr.  Tyndall,  each  based  on  the  force-heat  assumption,  but 
without  affording  any  solid  proofs  of  its  application  to  the 
phenomena  adduced  by  them." 

Pxoomynioa— Lit.  akd  Pbil.  Sooibtt— No.  U.-*SBBf)XON  1862-8, 
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6.  This  passage  is  calculated  to  convey  the  idea  that  my 
Essay  professes  to  give  proofs  of  the  mechanical  theory  of 
heat.  But  that  Essay  does  not  profess  to  give  a  single  proof 
of  that  theory.  It  is  entitled,  ^^  Outline  of  the  Theory  of  the 
Mechanical  Action  of  Heat  :'*  it  gives  a  sketch  of  the  general 
principles  and  results  of  that  theory  only ;  and  for  the  proof s^ 
it  refers  to  published  detailed  accounts,  by  various  authors, 
of  experimental  researches,  and  calculations  founded  on  the 
results  of  those  researckes,  the  whole  of  which  published 
accounts  are  in  the  Library  of  this  Society. 

6.  The  proofs  of  this,  as  of  every  other  physical  theory, 
consist  in  a  mass  of  experiments  and  calculations,  which* 
cannot  be  condensed  within  the  limits  of  a  brief  popular 
Essay ;  and  in  order  to  examine  and  test  those  proofs,  it  is 
necessary  to  go  to  the  fountain-head  of  information ;  that  is, 
to  the  detailed  accounts  of  calculation  and  experiment. 

7.  As  to  defective  and  erroneous  quotations,  I  have  in  the 
first  place  to  point  out  the  following.  The  words  in  the 
genuine  passage,  whose  omission  in  Mr.  Dyer's  quotation  has 
the  effect  of  materially  altering  the  meaning  of  the  passage, 
are  enclosed  in  square  brackets,  thus :  [    ]. 

The  Genuine  Passage.  The  Quotation. 

5.    Threefold     Effect   -  of       Mr.  Rankine  states  "  that 

Heat — The  communication  heat  produces  an  increase  of 

of  heat  to  a  substance  pro-  temperature  and  of  expansive 

duces  [in  general,  three  kinds  force    in    bodies ;     that    the 

of  effects  (setting  aside  chemi-  change  from   the   solid   and 

cal,  electrical,  and  magnetic  liquid  states  to  the  gaseous 

phenomena,  as  being  foreign  state  is  accompanied  by   an 

to  the  subject  of  the  present  increase  in  volume ;  that  heat 

paper) :— ]  which  produces  those  effects 

1st,   An  increase  of  tem-  is  known  by    the   name  of 

perature  and  expansive  pres-  sensible  heat,  as  retaining  the 

sure;    that   is    to    say,    an  form  of  heat,  and  in  short 

increased    tendency    to    the  making  the  body  hotter." 
communication    of    heat    to 
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other  bodies,  and  to  the  de- 
velopment of  mechanical 
power  by  expansion. 

[2dly,  A  change  of  volume; 
which,  under  a  constant  pres- 
sure, is  an  increase  for  every 
substance,  except  some  liquids 
near  their  freezing  points.] 

Sdly,  A  change  of  mole- 
cular condition ;  as  from  the 
solid  to  the  liquid  state,  or 
from  the  liquid  or  solid  to  the 
gaseous  state,  or  any  imper- 
ceptible change  of  molecular 
arrangement;  the  change  to 
the  gaseous  state  being  always 
accompanied  by  an  increase 

of  volume. 
The  heat  which  produces 

[the  first  of]  those  effects  is 

known  by  the  name  oi  sensible 

heat,  as  retaining  the  form  of 

heat,  and,  in  short,  making 

the  body  hotter, 
[The  heat  which  produces 

the  second  and  third  of  those 

effects  is  called  UUent  heat,  as 

having    disappeared    in    de- 
veloping a  mechanical  effect, 

and  being  capable  of  repro- 
duction   by    reversing    the 

change  which  caused    it  to 

disappear.] 

8.  It  is  evident  that  the  omission  of  the  words  in  brackets 
has  the  effect  of  precisely  reversing  the  meaning  of  the 
definition  which  I  have  given  of  sensible  as  distinguished 
from  latent  heat. 
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9.  I  have  next  to  point  out  that  Mr.  Dyer,  in  criticising 
the  4th  Article  of  my  Essay,  represents  me  as  making  a 
certain  statement,  commencing  as  follows — ''  It  is  natural  to 
suppose  that  the  motion,  during  this  phenomenon,  has  not 
been  really  destroyed,"  &c. — in  order  to  account  for  what  he 
calls  the  ''  non-prodtcction  of  heat  by  the  moving  force  exerted 
in  waterfalls." 

10.  Now  there  does  not  occur  in  my  Essay  one  word  about 
any  such  ^^non-production  of  heat,"  nor  one  phrase  or  allusion 
which  by  any  conceivable  amount  of  ingenuity  can  be  con- 
strued to  bear  any  such  meaning.  The  '^  phenomenon" 
really  referred  to  in  the  passage  above  cited,  and  distinctly 
described  in  the  paragraph  preceding  it,  is  the  well  established 
fact  of  the  production  of  heat  by  the  fall  of  water;  and  that 
not  as  a  thing  to  be  accounted  for,  but  as  a  fact  to  be  reasoned 
from.  In  this  instance  my  meaning  has  again  been  exactly 
reversed  in  Mr.  Dyer's  account  of  my  Essay. 

11.  I  shall  not  enter  into  any  controversy  respecting  the 
theory  of  heat ;  for  it  appears  to  me  that  physical  theories 
are  questions  to  be  settled,  not  by  argument,  but  by  experi- 
ment and  calculation;  and  I  have  nothing  at  present  to  add 
to  the  experiments  and  calculations  already  published. 

12.  My  only  object  in  writing  this  letter  is  that  my  brief 
sketch  of  the  mechanical  theory  of  heat,  which  Mr.  Dyer  has 
criticised,  may  be  judged  according  to  its  real  contents,  and 
may  not  be  erroneously  quoted  in  a  publication  so  important 
as  the  Transactions  of  the  Literary  and  PUlosaphical  Sooiefy 
of  Manchester.* 

I  am,  Sir, 
Your  most  obedient  Servant, 

W.  J.  MACQUORN  RANKINE. 

aLABOOW,  21ST  MaBCB,  1868. 

•  Mr.  Pyer  statoa  that  in  maldng  the  qaotations  from  the  JEnginew  he 
had  studied  brerity,  and  had  no  thought  of  conyeTiDg  any  other  than  Mr. 
Bankine^B  meaning.'^Sp. 
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Mr.  SiDEBOTHAM  exhibited  a  large  sheet  of  photo- 
lithographs^  executed  by  Mr.  Dean,  of  Douglas,  Isle  of  Man. 
They  consisted  of  copies  of  wood  engravings,  copper-plate, 
pen  drawings,  writing,  music,  and  letter-press,  all  copied  by 
the  camera  and  then  transferred  to  stone,  and  printed  in  the 
ordinary  manner  with  printing  ink.  Mr.  Sidebotham  said  he 
considered  this  by  fkr  the  best  specimen  yet  exhibited,  from 
the  extreme  sharpness  of  the  lines,  and  thought  as  this  was  a 
branch  of  art  likely  to  be  much  used,  it  was  of  great  interest 
to  see  its  present  state  of  perfection.  He  also  called  attention 
to  the  great  fiwnlity  this  plan  oflfered  to  the  forger  of  Bank 
notes,  &c. :  hitherto,  although  there  was  no  difficulty  in  getting 
a  perfect  fac-simUe  of  a  note  or  cheque,  the  fact  of  its  being 
printed  on  paper  by  silver  or  iron  salts  made  its  detection 
easy ;  now  that  printing  ink  could  be  used  a  perfect /ac-«»m»Z? 
in  every  respect  could  be  made,  so  far  as  the  printing  is 
concerned.  Mr.  Sidebotham  thought  some  steps  should  be 
taken  in  the  matter,  and  suggested  as  the  most  simple  mode 
of  defeating  the  photographer  to  use  yellow  paper  and  print 
in  blue.  So  far  as  at  present  known,  there  would  be  no 
possibility  of  copying  such  a  document  by  any  process  of 
photography. 

Mr.  SiDBBOTHAM  read  a  Paper  '^  On  the  Planet  Mars," 
by  James  Nasmyth,  Esiq.,  and  exhibited  at  the  same  time 
a  large  drawing  of  the  planet,  as  seen  by  Mr.  Nasmyth  on 
the  evenings  of  September  S5th  and  October  11th,  1862, 
by  the  aid  of  his  fine  reflecting  telescope  of  twenty  inches 
diameter.  Mr.  Nasmyth  called  special  attention  to  the  patch 
'  ti  snow^  as  it  was  considered  to  be,  at  the  south  pole  of  the 
planet.  This  was  imusually  bright  and  round,  like  a  white 
wafer  on  the  pole  of  a  globe;  it  had  also  a  cliff-like  edge. 
This  supposed  patch  of  snow  does  not  coincide  with  the  true 
pole  of  the- planet,  but,  like  the  arctic  poles  of  the  earthy  or 
poles  of  minimum  temperature,  is  slightly  eccentric. 
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Mr.  Nasmyth  also  called  attention  to  the  different  shades 
of  the  planet  as  exhibited  in  the  drawing — which  was  a 
faithful  representation  of  the  appearance  of  the  planet —  and 
the  probability  of  their  being  land  and  water.  One  ruddy 
spot  in  the  blue  band  of  the  supposed  sea  he  could  not  help 
thinking  to  be  an  island^  and^  as  its  first  discoverer,  he 
claims  it  to  be  called  Nasmyth^s  Island.  He  also  made 
some  remarks  on  the  superiority  of  the  reflecting  over  the 
achromatic  telescope,  in  giving  the  true  colours  of  the 
heavenly  bodies,  and  gave  his  explanation  of  the  supposed 
cause. 


Mr.  W.  H.  L.  Russell,  A.B.,  wishes  it  to  be  stated  that  in 
consequence  of  errors  in  the  printing  of  the  abstract  of  his 
Paper  *'  On  the  Solution  of  the  Differential  Resolvent,"  in 
the  last  number  of  the  Proceedings,  he  fears  that  the  results 
given  as  the  solution  of  the  differential  resolvent  will  be 
unintelligible  to  the  reader. 
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MICROSCOPICAL     SECTION. 
March  16th,  1863. 
Mr.  Joseph  Sidebotham^  Vice-President  of  the  Section,  in 

the  Chair. 
Mr,  Watson  presented  specimens  of  Jungermannia  tomen- 
tella  and  asplenoides,  collected  on  Baguley  Moor. 

Mr.  SiDEBOTHAM  presented  specimens  of  the  following 
mosses,  in  fruit:  Fissidens  exilis,  Fissidens  adiantoides, 
Grimmia  pulvinata,  Weissia  controversa,  Bryum  atropur- 
pureum,  &c.,  in  a  good  state  for  microscopical  examination. 

Mr.  J.  G.  Dale,  F.C.S.,  presented  a  specimen  of  crystal- 
lised film  of  picrate  of  aniline ;  and  in  a  note  to  the  Secretary 
explained  his  method  of  preparation  from  picric  acid  and 
aniline.  The  equivalent  of  picric  acid  is  229 ;  that  of  aniline 
is  93 ;  and  when  dissolved  in  strong  alcohol  in  those  propor- 
tions by  weight,  mixed  and  set  aside,  the  picrate  of  aniline 
will  crystallise  in  yellow  needles.  The  film  for  the  micro- 
scope is  formed  from  a  solution  of  these  needles  in  absolute 
alcohol,  a  drop  of  which  being  spread  over  a  clean  hot  glass 
slide,  the  crystallised  film  is  at  once  produced  by  the  rapid 
eraporation  of  the  alcohol,  if  the  slide  be  at  the  proper  degree 
of  heat,  which  can  only  be  found  by  repeated  trials.  If  too 
hot,  the  salt  will  melt  and  become  partially  decomposed ;  if 
not  hot  enough,  it  will  be  crystallised  in  needles,  or  be 
deposited  as  an  amorphous  film.  When  properly  crystallised, 
circular  radiated  discs  will  appear  with  more  or  less  regularity, 
showing  with  the  polariscope  very  brilliant  colours,  and  a 
black  cross  in  the  centre.  The  crystallised  films  may  be 
mounted  in  nen?  soft  balsam;  but  a  mixture  of  chloroform 
and  balsam  dissolves  them  immediately. 
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The  Natural  History  Society  presented  for  distribution 
amongst  the  members  a  number  of  beetles  not  required  for 
the  Museum. 

Mr.  Nevill  reported  upon  the  fossil  Foraminferous  shells 
found  in  the  Montreal  deposit  presented  by  Mr.  B.  D. 
Darbishire  at  the  last  meeting.  They  were  mostly  in  a  fine 
state  of  preservation,  and  many  were  as  perfect  as  recent 
shells.     He  found — 

Polystomella,  Entoaelenia  marginata, 

Nonionina  umbilicatula.  Ditto     globosa,  very  fine, 

Polymorphina  lactea,  Patalina  corrugata, 

Miliolina  seminulum^  Textularia, 

Entoselenia  squamosa,  var:  Dentalina, 

scalariformis,  Lagena  vulgaris.    . 
Ditto  of  a  peculiar  form  and  rare 

The  Polystomella  and  Nonionina  were  in  great  profusion, 
the  other  kinds  were  scarce ;  but  Mr.  Nevill  was  of  opinion 
that  remarkably  fine  specimens  might  be  found  of  all  the 
various  kinds,  if  there  were  a  larger  quantity  of  material  to 
operate  upon.  Mr.  Nevill  was  indebted  to  the  worthy 
President  of  the  Section,  Professor  Williamson,  for  verifying 
the  names,  and  he  presented  to  the  Section  mounted  and 
named  slides  for  the  cabinet.  No  diatomaceae  were  found 
amongst  the  material. 

Dr.  Alcock  exhibited  a  young  living  salmon,  about  14  days 
old,  attached  to  part  of  the  ovum.  Dr.  Alcock  particularly 
called  attention  to  the  form  of  the  vertebral  column,  which, 
whilst  young,  is  similar  to  that  of  the  lower  grade  of 
cartilaginous  fishes  when  fully  grown;  the  skeleton  of  the 
salmon,  however,  becomes  gradually  changed,  until  at 
maturity  it  is  that  of  the  higher  class  of  osseous  fishes. 
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]>r.  AX06CK  abo  teliihtted  a  Ikigaal  ribana  6f  the  Patotta 
athletica,  from  Bray,  in  Ireland ;  he  oompared  it  with  that 
of  the  common  limpet.  Patella  volgata^  and  pointed  out  the 
diffnences  in  the  form  of  the  teeth. 

Dr.  BoBERTS  exhibited  some  mounteid  dpiecimens  of  blood- 
torpnsdes  from  an  albuniinous  urine,  Avhich  showed  an 
appearance  as  if  the  contents  of  the  cells  liad  Separated  from 
the  cell-wall,  and  become  aggregated  round  the  centre  like  a 
nucleus.  When  these  corpuscles  were  treated  with  magenta, 
the  central  portion  was  either  not  coloured  at  all,  or  only 
fiiintly  so,  whereas  the  circumferential  portions  became  deeply 
tinted.  By  treating  fresh  blood  with  an  excess  of  a  solution 
of  carbolic  acid  this  appearance  could  be  produced  at  will.  In 
the  blood-corpuscles  of  the  fowl  a  similar  effect  was  produced 
by  the  carbolic  acid  solution;  the  cell  contents  appeared 
to  detach  themselves  from  the  cell-wall  and  to  collect  round 
the  nucleus.  The  appearances  presented,  strongly  suggested 
the  idea  that  the  cell  envelope  of  the  blood-disc  was  a  double 
membrane ;  that  the  inner  separated  under  certain  circum- 
stances from  the  outer  membrane  and  shrank  in  toward  the 
centre.  Dr.  Hensen,  of  Kiel,*  seems  to  have  convinced  him- 
self that  such  is  the  case  in  the  blood-disc  of  the  frog,  and  he 
compares  the  inner  membrame  to  the  primordial  utricle  of 
the  vegetable  cell.  Of  the  prolongations  described  by  Dr. 
Hensen  as  stretching  radially  between  the  shrunk  inner 
membrane  and  the  outer  one.  Dr.  Roberts  saw  nothing.  If 
the  said  view  of  the  structure  of  the  blood*cells  were  sub- 
stantiated, it  would  greatly  facilitate  the  explanation  produced 
on  these  cells  by  magenta  and  tannin. 

Mr.  Charles  O'Neill,  F.C.S.,  exhibited  a  mounted  fibre  of 
Orleans  cotton,  torn  by  a  gradually  increasing  weight  sus* 
pended  to  its  extremity.    It  had  sustained  a  weight  (gradually 
•  Siebold  and  Kolliker^i  Zeitschrift,  for  1861,  p.  263. 
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increased)  of  16S  grains  for  many  minutes.  Mr.  (VNeill 
stated  that  there  were  143  such  fibres  in  *01  grains  of  cotton^ 
each  fibre  therefore  weighing  less  than  the  ten  thousandth 
part  of  a  grain.  The  strongest  fibres  were  capable  of  sup- 
porting more  than  two  million  times  their  own  weight.  He  is 
engaged  in  making  experiments  upon  the  tensile  strengths  of 
various  fibres  by  a  special  apparatus^  but  they  are  not  yet 
completed. 

Mr.  Brothbbs  exhibited  a  number  of  fresh  water  insects^ 
larva,  &c. 

Mr.  Parry  exhibited  the  transverse  section  of  a  PdmI 
Palm,  from  the  Island  of  Antigua. 
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Ordinary  Meeting,  April  7th,  1868. 
R  W.  BiNiJET,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Edmund  Salis  Schwabe,  B.A.,  was  elected  an  Ordinary 
Member  of  the  Society. 

Messrs.  Robert  Worthington  aild  G.  V.  Vernon  were 
appointed  Auditors  of  the  Society's  Accounts  for  the  present 
Session. 

Mr.  Brothers  exhibited  and  described  an  apparatus  for 
determining  the  magnitudes  of  stars.  (See  Proceedings  of 
Physical  Section  for  April  2nd.) 

Professor  Boscob  communicated  the  following  extract  from 
a  letter  he  had  just  received  from  Professor  Bunsen,  respecting 
the  atomic  weight  of  caesium.  Professor  Bunsen  formerly 
found  the  atomic  weight  of  this  metal  to  be  123;  since  then, 
Messrs.  Johnson  and  Allen,  Yale  College,  United  States, 
found,  by  operating  on  large  quantities,  the  number  to  be  133. 
He  writes,  *^  The  atomic  weight  Cs.=I33  is  quite  right.  The 
difference  is  caused  by  an  error  of  about  one  per  cent  on  the 
chlorine  contained  in  the  chloride  of  caesium,  owing  to  an 
amount  of  impurity  which  cannot  be  separated  according  to 
the  method  I  first  used  for  purification.  I  have  employed  all 
the  three  granmies  of  CI  Cs,  with  which  I  was  obliged  to 
make  the  whole  of  the  investigation  of  the  caesium  compounds 
for  another  determination  of  the  atomic  weight  of  the  metal, 
and  I  find  the  same  number  (133)  as  the  Americans  found, 
but  by  quite  a  different  method.  The  alteration  from ,  123  to 
133  makes  a  difference  in  the  analysis  of  most  of  the 
salts,  of  from  a  quarter  to  one  per  cent  in  the  percentage 
composition." 

Pbocebdinos-Lit.  and  Phil,  Society— No.  12.— Session  18C2-3. 
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Mr.  G.  C.  Lowe  exhibited  part  of   a  mercurial  seconds 

pendulum,  which,  from  its  mode  of  construction,  bears  a 

strong  resemblance  to  a  horse-shoe  magnet,  and  possesses 

considerable  magnetic  power.     It  is  what  is  called  the  stirrup, 

and  has  attached  to  its  lower  extremities  a  circular  brass  disc, 

upon  which  the  jar  of  mercury  is  placed.     The  stirrup  is 

attached  to  the  lower  end  of  the  pendulum  rod,  and  has  two 

steel  rods,  about  ten  inches  in  length,  connected  at  their  upper 

ends  by  a  short  steel  bar,  so  that  when  magnetised  the  lower 

ends  form  one  a  north  and  the  other  a  south  pole.      It  had  been 

suggested  by  Mr.  Baxendell  that  some  irregularities  which  are 

observed  in  the  rates  of  clocks  may  be  explained  by  referring 

tbem  to  variations  in  the  intensity  of  the  earth's  magnetism 

influencing  a  pendulum  which  has  thus  become  magnetised. 

He   had    noticed  in  two    clocks    which    have    mercurial 

pendulums  sudden  changes  of  rate  amounting  to  nearly  or  in 

some  instances  quite  one  second  per  day.     There  were  no 

considerable  changes  of  temperature  or  of  the  atmospheric 

pressure   at   the   time,    and  the  compensation   is  so  nearly 

perfect  that  so  great  a  deviation  from  the  rate  could  not  be 

due  to  change  of  temperature.      A  very  brilliant  display  of 

aurora  borealis  was  observed  by  Mr.  Baxendell  on  the  evening 

when  the  last  remarkable  change  of  rate  took  place,  which 

favours  the  view  now  suggested,  viz.,  that  the  lower  part  of  the 

pendulum  having  become  magnetised,  an  increase  or  diminu« 

tion  of  the  intensity  of  the  earth's  magnetism  may  have  the 

effect  of  accelerating  or  retarding  the  motion  of  the  pendulum. 

Mr.  Lowe  suggested  that  if  the  rods  forming  the  stirrup  were 

connected  with  brass  at  the  top  instead  of  steel,  they  would 

have  much  less  force  as  magnets.     In  a  pendulum  also  under 

Mr.   Baxendell's   observation,  the  disturbance  of  rate  was 

much  smaller  in  amount,  scarcely  exceeding  one-third  of  the 

change  that  was  found  in  the  two  clocks  already  mentioned. 

This  pendulum  consists  of  a  long  steel  rod  and  two  shorter 

ones,  and  has  a  very  correct  compensation  effected  by  a  zinc 
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tube.  This  pendulum  has  another  advantage,  yiz.,  that  the 
steel  rods  and  the  zinc  tube  are  so  nearly  the  same  in  size  that 
sudden  changes  of  temperature  affect  all  the  parts  nearly 
simultaneously,  whereas  in  the  mercurial  pendulum  the  steel 
rod  is  much  more  quickly  affected  than  the  large  mass  of 
mercury;  the  compensation  therefore  does  not  take  place  soon 
enough  to  preyent  a  small  error  in  the  clock's  rate. 

A  letter  by  Mr.  Dyer  was  read,  relative  to  Dr.  Rankine's 
reply,  inserted  in  the  Proceedings  of  March  24. 

Mr.  Dyer  disavows  all  intention  of  imfaimess  towards 
Dr.  Rankine,  and  states  that  although  the  brevity  which  it 
was  necessary  to  observe  in  drawing  up  his  abstract  com- 
pelled him  to  give  only  detached  passages,  he  conceived  that 
the  sense  could  not  be  considered  to  be  perverted  by  reason 
cS  the  omissions.  He  had  always  felt  and  expressed  the 
highest  r^;ard  for  Dr.  Rankine's  genius  and  learned  researches. 

A  Paper  was  read  entitled  "  Note  as  to  two  Events  in 
ibe  History  of  Steam  Navigation,"  by  W.  J.  Macquorn 
Bahkihe,  C.E.,  LL.D.,  F.R.S.,Hon.  Member  of  the  Society. 

(!•)  An  interesting  Paper  was  lately  read  to  this  Society 
by  Mr.  Dyer,  containing  a  history  of  a  series  of  important 
events  in  the  progress  of  Steam  Navigation. 

(2.)  It  is  to  be  regretted,  however,  that  the  author  has 
noted  either  very  slightly  or  not  at  all,  what  appears  to  have 
heea  an  event  of  paramount  importance  in  the  first  adaptation 
of  the  double-acting  cranked  steam  engine  to  drive  a  paddle 
wheeL  Before  that  adaptation  was  made,  the  success  of  all 
attempts  at  steam  navigation,  such  as  those  of  Jouffi*ay, 
Ramsey,  Titch,  Miller,  and  Taylor,  &c.,  had  been  only 
temporary,  beeause  of  the  rudeness  of  the  machinery  for 
ccMnmunioating  motion  from  the  piston  to  the  shaft. 

(3.)  That  first  adaptation  was  unquestionably  accomplished 
by  William  Symington  in  1801,  as  is  proved  by  authentic 
documents  which  have  been  published  by  Mr.  Woodcroft  in 
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his  '^  Origin  and  Progress  of  Steam  Navigation."  Symington, 
instructed  by  the  failure  of  the  ratchet-work  engine  which  he 
had  made  for  Miller's  boat,  fitted  up  the  "  Charlotte  Dundas" 
in  1801^  with  a  double-acting  horizontal  cranked  engine^  and 
this  made  her  what  Mr,  Woodcroft  has  justly  called  "  the 
first  practical  steamboat."  Her  speed,  when  running  alone^ 
and  not  towing  other  boats^  was  six  miles  an  hour. 

(4.)  The  use  of  this  vessel  was  abandoned,  not  from  any 
fault  in  her  construction  or  working,  but  because  the  Direc- 
tors of  the  Forth  and  Clyde  Canal  feared  that  she  would 
damage  its  banks.  Yet  the  man  in  all  Britain  who 
possessed,  at  that  time,  the  greatest  practical  experience  of 
the  working  of  canals — the  Duke  of  Bridgewater — was  not 
deterred  by  any  such  apprehension  from  ordering,  in  180S, 
eight  similar  vessels,  from  Symington,  to  be  used  on  his 
canal. 

(5.^  The  death  of  the  Duke  of  Bridgewater,  early  in  the 
following  year,  prevented  the  execution  of  that  order.  But 
Symington  had  evidently  done  all  that  lay  in  his  power,  and 
all  that  was  necessary,  to  convert  the  steamboat  from  an 
awkward  piece  of  experimental  apparatus  to  a  practically 
useful  machine;  and  the  honour  paid  to  his  memory  ought 
not  to  be  lessened  because  the  career  of  his  invention  was 
cut  short  by  a  misfortune. 

(6.)  There  is  nothing  in  this  to  detract  from  the  honour 
which  is  justly  paid  to  Fulton,  as  having  been  the  first  to 
practise  Steam  Navigation  on  a  great  scale,  as  a  com- 
mercially profitable  art. 

(7.)  Another  event  passed  over  in  the  Paper  to  which  I  have 
referred,  is  the  first  introduction  of  commercial  Steam  Naviga- 
tion into  Europe,  which  was  effected  on  the  river  Clyde,  in 
1812,  by  Henry  Bell,  as  is  proved  by  documents  cited  in 
Mr.  Woodcroft's  work,  already  referred  to. 

Dr.  R.  Angus  Smith  said  that  he  had  been  using  an 
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amalgam  of  sodium  for  the  production  of  hydrogen.  When 
doing  this  it  was  found  that  the  amalgam  had  become  one 
mass  of  crystals.  These  crystals  are  fine  needles  or  prisms  of 
considerable  length ;  some  may  be  traced  in  the  tangled  mass 
for  about  half  an  inch;  they  present  hollow  ends,  although  it 
was  not  possible  to  trace  this  hoUowness  through  the  whole 
length  of  the  crystals.  They  are  hexagons,  and  contain  9*47 
per  cent  of  sodium ;  an  excess  of  mercury  remains ;  10*3 
per  cent  would  be  equal  to  2  at.  of  mercury  and  I  of 
sodium.  He  had  not  seen  any  notice  of  an  amalgam 
of  similar  composition.  It  can  be  examined  only  through 
glass,  as  it  rapidly  absorbs  oxygen  from  the  moisture 
of  the  air,  and  cannot  be  retained  in  the  air  many  seconds 
without  change  being  perceived.  If  this  change  be  examined 
under  a  microscope,  bubbles  of  hydrogen  are  seen  to  rise  from 
every  comer,  extremely  minute  certainly,  so  that  many 
millions  would  be  required  to  cover  a  square  inch,  but  affording 
one  of  the  most  convincing  and  direct  proofs  of  the  existence 
of  moisture.  This  property  may  in  many  cases  be  found  to 
be  of  value.  The  inclination  to  combine  with  oxygen  when 
dry  seems  comparatively  slight. 

Dr.  Smith  mentioned  also  a  method  of  separating  lime 
firom  phosphoric  acid,  which,  as  far  as  he  was  aware,  was 
new.  Many  very  elaborate  methods  had  been  given.  After 
adding  tartaric  acid  to  a  solution  of  phosphate  of  lime  in 
muriatic  acid,  the  lime  may  be  precipitated  by  oxalate  of 
siTnf¥^AniA  and  ammonia  as  in  other  solutions.  Carbonate 
of  lime  has  been  obtained  in  this  way  free  from  every  trace 
oi  phosphate,  and  the  solution  has  been  freed  entirely  from 
lime.  Tartaric  acid  prevents  the  precipitation  of  phosphate 
at  Hme  in  weak  solutions  by  ammonia,  but  has  no  influence 
over  the  oxalate  of  lime.  The  true  action  of  tartaric  and 
similar  acids  in  preventing  precipitation  deserves  a  more 
careful  inquiry  than  has  yet  been  made. 
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PHYSICAL    AND    MATHEMATICAL    SECTION. 
April  2nd,  1863. 

Joseph  Baxendbll,  F.R.A.S.,  President  of  the  Section,  in 
the  Chair. 

A  Paper  was  read  entitled  "  Notes  of  Observations  of  the 
Speed  and  Order  of  Succession  in  Magnitude  of  Waves 
observed  in  Gkles  of  Wind  off  the  Cape  of  Good  Hope,"  by 
Mr.  Thomas  Heelis,  F.R.A.S. 

The  highest  waves -measured  were  about  85  feet  in  height 
from  the  trough,  no  broken  crests  having  been  measured. 
,  Their  speed  varied  (the  force  of  the  wind  being  8  according 
to  the  Board  of  Trade  scale,  and  equal  to  weather  in  which 
a  ship  on  a  wind  can  just  carry  treble-reefed  topsails)  from 
twenty  to  twenty-three  miles  per  hour,  the  breadth  of  trough 
being  300  to  350  feet.  The  observations  show  that  usually 
the  succession  of  magnitudes  (or  heights)  returns  in  series  of 
twelve  vraves,  the  first  and  second  of  each  series  being  very 
large,  the  sixth  or  seventh  being  also  large  but  inferior  in 
magnitude  to  the  first  and  second,  and  the  intermediate  ones 
being  small.  The  observations  show  that  waves  are  limited 
in  length,  measured  along  their  bases,  the  crest  being 
apparently  at  the  middle  point  of  the  base,  and  the  length 
varying  with  the  altitude  of  the  crest,  and  that  the  order  of 
succession  of  magnitudes  depends  upon  their  being  arranged 
so  that  the  crest  of  one  wave  follows  on  the  same  line  as  the 
lower  flanks  of  a  preceding  wave.  The  speeds  also  of  waves 
appear  to  vary,  so  that  a  following  wave  often  coalesces  with 
and  is  increased  in  size  by  absorbing  one  immediately 
preceding.  When  a  wave  is  first  formed  it  is  small,  and 
increases  in  size  in  its  progress,  until  the  crest  topples  over  in 
foam,  after  which  the  height  decreases  rapidly,  and  there 
seems  reason  for  thinking  that  if  ordinates  were  drawn  so  as 
to  represent  the  height  of  any  wave  at  different  periods  of  its 
existence,  its  height  would  be  found  to  coincide  with  Mr. 
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Soott  Russell's  waye-line  curve.  The  length  of  a  wave  in 
open  watar^  measored  along  its  base^  seems  also  to  depend 
mpon  and  bear  a  definite  relation  to  the  width  of  the  trough 
between  two  successive  waves.  The  speed  of  the  waves  is 
not  so  much  afiected  as  would  naturally  be  imagined  by  the 
force  of  the  wind.  In  a  moderate  gale  they  run  as  fast  as  in 
a  heavy  one.     It  is  otherwise  with  their  height. 

Mr.  Alfred  Brothers  read  the  following  Paper  ^'  On  an 
Improved  Diaphragm  for  determining  the  Magnitudes  of 
Stars." 

At  a  recent  Meeting  of  this  Society,  when  Mr.  Baxendell 
made  a  communication  respecting  one  of  the  variable  stars 
of  small  magnitude^  it  occurred  to  me  that  the  system  used 
by  him  for  determining  the  variability  of  the  smaller  stars, 
must  be  not  only  tedious  but  often  unsatisfiEictory^  owing  to 
the  necessity  for  leaving  the  position  of  observation  for  the 
purpose  of  changing  the  diaphragms. 

When  apertures  of  various  diameters  aroused  as  diaphragms, 
placed  at  the  end  of  the  dew-cap  of  large  telescopes,  and  par- 
ticularly refractors,  it  must  at  all  times  be  difficult  to  make 
these  changes,  even  when  the  advantage  of  clock-work  motion 
is  available;  but,  with  telescopes  whose  motions  must  be  con- 
trolled by  hand,  the  possibility  of  determining  with  accuracy 
such  results  as  the  one-tenth  of  a  magnitude  must  be  very 
vncertain;  as,  unless  an  assistant  be  at  hand  to  change  the 
diaphragms  during  the  observation,  the  observer  must  be 
constantly  liable  to  lose  the  star  at  the  moment  it  becomes 
necessary  that  it  should  be  in  the  centre  of  the  field  of  view,  and 
the  eye  in  position  to  note  the  efEect  produced  by  the  decrease 
of  light  on  the  change  of  diaphgram  being  effected.  Several 
contrivances  have  been  adopted  to  contract  the  aperture  of  the 
telescope,  such  as  square  and  hexagonal  forms,  opened  and 
dosed  mechanically;  but  hitherto,  it  is  believed,  no  attempt 
has  been  made  to  retain  the  circular  form  of  aperture. 
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In  order  to  facilitate  observations  of  this  character^  and  to 
enable  the  observer  to  dispense  with  an  assistant^  I  have 
recently  adapted  to  my  telescope  (of  Sin.  aperture)  an 
apparatus  which  may  be  termed  the  *'  Iris  Diaphragm,"  as 
its  action  resembles  to  some  extent  the  expansion  and  con- 
traction of  the  pupil  of  the  eye.  The  invention  was,  I 
believe,  patented  by  Mr,  Jennings,  of  London,  as  a  capsule 
for  closing  jars,  bottles,  &c.,  but  has  been  superseded  by  a 
more  simple  method  for  the  same  object.  If  found  to  be 
practically  successful  for  the  purpose  I  have  now  applied  it 
to,  it  will,  I  think,  be  extremely  useful  in  the  Observatory, 
and  form  a  desideratum  long  required  by  Astronomers.  A 
great  saving  of  time  will  be  effected,  and  the  results  will  be 
regarded  with  greater  confidence. 

The  following  is  a  description  of  the  invention,  and  the 
method  I  propose  for  adapting  it  for  astronomical  purposes. 

The  invention  consists  of  two  rings  of  metal,  one  working 
vrithin  the  other,  of  nearly  the  same  diameter,  but  differing 
in  width,  to  the  outer  edges  of  which,  is  attached  a  piece  of 
sheet  india-rubber  joined  at  the  ends,  and  so  placed  that 
when  the  rings  are  moved  in  opposite  directions  the  india- 
rubber  is  stretched,  and  closes  the  aperture  of  the  rings  when 
they  have  made  about  one  half  of  a  revolution,  the  aperture 
remaining  circular  or  nearly  so,  its  perfect  circularity 
depending  on  the  proper  attachment  of  the  india-rubber. 

The  adaptation  I  have  effected  in  the  following  manner. 
A  flat  ring  of  tin  with  a  flange  is  made  to  fit  accurately  the  end 
of  the  dew-cap  of  the  telescope.  To  the  flange  the  diaphragm 
is  soldered;  to  the  broader  ring  of  the  diaphragm  is  fixed  a 
circle  of  brass,  having  teeth  cut  rather  more  than  one-half 
round  its  circumference.  Fixed  to  the  ring,  which  is  attached 
to  the  dew-cap,  is  a  bearing  for  a  small  pinion,  which  gives 
motion  to  the  half  wheel  by  means  of  a  slender  rod  (of  brass 
tubing)  the  length  of  the  telescope,  having  at  the  eye-piece 
end,  a  handle  of  convenient  form,  and  worked  by  the  left 


Ill 

hand.  The  rod  is  supported  at  the  eye-piece  end  of  the 
telescope,  on  a  bearing  attached  to  a  metal  collar  made  to  clip 
the  telescope  by  a  screw^  and  attached  to  this  bearing  is  a 
ratchet  wheel,  which  prevents  the  too  rapid  reverse  motion 
of  the  india-rubber  diaphragm.  The  ratchet  is  not  absolutely 
necessary  with  the  present  apparatus,  owing  to  the  friction  of 
the  pinion  against  the  wheel,  preventing  the  india-rubber 
contracting  too  rapidly. 

It  is  not  considered  necessary  to  give  the  dimensions  of  the 
parts  of  the  apparatus,  as  in  every  case  these  must  vary  with 
the  diameter  of  the  object-glass  of  the  telescope.  The  prin- 
cipal point  to  be  attended  to,  is  the  width  of  the  broader  ring, 
which  is  covered  inside  by  the  india-rubber,  and  this  must 
be  sufficiently  wide  to  close  the  aperture  when  in  use.  In 
order  to  prevent  the  over-winding  of  the  diaphragm,  stops  are 
placed  at  each  end  of  the  teeth  on  the  half  wheel. 

An  index  of  some  kind  will  be  necessary  to  make  the 
apparatus  complete.  A  pointer  might  be  fixed  on  the  end  of 
the  dew-cap,  and  a  scale  might  project  from  the  wheel.  The 
diameter  of  the  various  openings  could  also  be  determined  by 
the  ear,  the  number  of  teeth  in  the  wheel  and  pinion  being 
known,  the  ratchet  wheel  could  be  so  adapted,  that  a  cert^n 
number  of  clicks  would  indicate  that  a  certain  aperture  is 
then  in  use.  This  method,  however,  might  be  tedious  to 
the  observer,  owing  to  the  necessity  for  coimting.  The  index 
and  scale  will  perhaps  be  more  convenient,  and  if  the  light 
from  the  sky  should  not  be  sufficient  to  show  the  reading  of 
the  scale,  the  micrometer  lamp  could  be  placed  so  as  to  illu- 
minate the  scale  and  index  only. 

The  additional  weight  at  the  end  of  the  telescope  renders  a 
counterpoise  necessary,  and  this  is  effected  on  my  telescope 
by  a  slight  addition  to  the  counterpoise  already  attached. 

It  may  perhaps  be  necessary  to  say,  that  I  have  as  yet  tried 
the  apparatus  merely  for  the  mechanical  working,  but  am 
very  sanguine  that  it  will  answer  the  purpose  intended  more 
effectively,  than  any  other  method  I  am  acquainted  with. 
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Mr.  G.y.YsBNON^  F.B.A.S.9  communicated  the  following 
returns  of  the  Bain&U  for  1862. 

BoTTON^  near  Oldham. 

Bx  JoHH  Heap,  Es^ 

The  nin-gange  is  10  inohee  diameUr;  and  is  8  feet  abore  the  groand, 
and  500  feet  abore  sea  lereL 


1861 

IiMbeii 

Dvn. 

M«M10f 

97TMunL 

1898-18& 

•Tairaaiy  .,,,., 

2*622 
0-786 
8078 
2-709 
4-686 
8-882 
4-882 
2-646 
4-064 
6-861 
1-787 
5-091 

17 
11 
17 
24 
28 
20 
24 
16 
16 
19 
12 
21 

2168 
2092 
2-286 
2-142 
2-860 
8-080 
8-899 
8-668 
2-906 
8-620 
2-980 
2-607 

FebnuuT , 

Mftr!?h 

April   

i£y...:::::;::;;;:::::::;:::::;;;::: 

June    , 

July 

August    

September  

October  

Norember  

December   

41-288 

220 

88-161 

EcGLBS^  near  Manchester. 
Bt  Thomas  Mackebbth,  MJ3.M.S. 
Gauge  2  feet  abore  ^tie  ground,  and  106  feet  above  the  i 


1861 

nOHnlncheiL 

Di^wliNl. 

CJanuaiy    

8-006  iFebruwy 

(March  

r  April 

2-820 
0-799 
4-886 
2-460 
8-820 
8-268 
4-217 
2-224 
4-646 
4-689 
1-676 
2-876 

22 
9 
17 
18 
21 
26 
21 
16 
17 
24 
18 
22 

9-688    May 

(.June 

(July 

10-986^Augu8t 

(September    

(•October    

9-140 ^November  

(December 

*  Total 

87-664 

226 
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Annual  Meeting,  April  21, 1862, 

E  W.  BiKNET,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Leopold  Hartley  Grindon  was  elected  an  Ordinary 
Member  of  the  Society. 

The  following  reply  to  Dr.  Rankine's  Paper,  read  at  the 
last  meeting,  was  communicated  by  Mr.  Dteb  :  — 

In  Dr.  Rankine's  Paper,  entitled, ''  Note  on  two  Events  in 
the  History  of  Steam  Navigation,*'  he  calls  attention  to  my 
Paper,  "On  the  Introduction  of  Steam  Navigation,"  and 
expresses  regret  that  *^the  Author  has  noted  either  very 
slightly,  or  not  at  all,  an  event  of  paramount  importance: — 
the  first  adaptation  of  the  double  acting  cranked  steam  engine, 
to  drive  a  paddle-wheel."  Now,  I  own  to  have  taken  no 
notice  at  all  of  this  double  cranked  motion,  simply  because  I 
did  not  consider  it  of  much  importance  in  attaining  success 
in  steam  navigation.  I  had  before  me  Mr.  Woodcroft's 
interesting  treatise,  and  I  fully  appreciated  his  advocacy  of 
the  claims  of  Mr.  Symington  for  having  "fitted  up  the 
^  Charlotte  Dundas,'  as  the  first  practical  steam  boat,  in  1801." 
This/oc^  is  fairly  stated  in  my  Paper. 

I  aimed  to  place  before  the  Society  the  several  inventions 
and  discoveries  relating  to  the  use  of  steam  power  to  super- 
sede that  of  vrind  to  navigate  vessels,  and  to  prove  that  the 
final  success  was  due  to  the  invention  of  Watt*s  steam  engine. 
No  great  stress  need  be  laid  on  the  double  cranked  action,  or 
on  anjr  of  the  other  methods  used  for  transmitting  the  power 
to  the  paddle  wheels.  The  principles  involved  in  overcom- 
ing the  resisting  forces  by  steam  power  in  navigation,  are 
PtPCBEDHfos— Lit.  and  Phil.  Socirtt— No.  13— Ski5<iox  1862-8. 
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entirely  apart  from  those  relating  to  the  mechanical  means 
of  converting  rectilinear  into  circular  motion.  It  seems 
strange  that  such  able  engineers  as  Dr.  Rankine  and  Mr. 
Woodcroft  should  have  given  this  prominence  to  the  said 
double  crank  action.  Whatever  may  have  been  the  degree 
of  success  in  the  case  of  the  "  Charlotte  Dundas"  in  1801,  and 
whatever  may  be  said  about  the  bar  to  further  progress  of 
Symington's  inventions  by  the  Duke^s  deaths  the  fact  remains 
clear  that  bis  schemes  died  out  with  the  Duke,  as  no  more 
was  heard  of  them  after  the  "  Charlotte  Dundas,"  and  from 
some  cause,  she  was  discontinued ;  and  it  was  in  fact  fifteen 
years  after  her  advent  before  the  "  Margery"  came  out  from 
the  same  waters  to  enter  the  Thames,  in  1816.  What  shall 
be  said  of  the  "enlightened"  of  Glasgow,  if  "Symington's 
practical  steam  boat"  was  suffered  to  rot  and  be  forgotten, 
leaving  no  successor,  and  the  inventor  himself  to  remain  unre- 
warded and  unnoticed  for  fifteen  long  years  ? 

Through  the  limited  space  allowed  for  the  abstract  of  my 
paper.  Dr.  Rankine  was  misled  respecting  the  other  events 
also  cited  by  him  from  Mr.  Woodcroft's  book,  namely, — 
that  I  had  "  passed  over  the  first  introduction  of  steam 
navigation  into  Europe,  by  Henry  Bell,  in  1812;"  for  in  my 
paper  due  notice  is  taken  of  this  well  known  experiment  of 
Mr.  Bell.  Although  his  trial  boat  proved  a  failure,  on  account 
of  its  being  a  very  small  one,  and  of  his  want  of  pecuniary 
means  for  continuing  or  extending  the  experiment,  and  the 
lack  of  any  aid  or  encouragement  afforded  him  by  others,  yet 
his  trial  boat  served  as  the  model  for  constructing  the 
**  Margery,"  three  years  after,  which,  as  I  have  before  said, 
was  a  success,  and  the  first  steam  boat  on  English  waters. 
I  therefore  think  that  due  honour  should  be  paid  to  the  name 
of  Henry  Bell,  for  his  spirit  and  enterprise,  and  a  due  stigmi^ 
cast  upon  the  capitalists  who  allowed  him  to  sink  under 
pecuniary  pressure,  from  which  he  ought  to  have  been  relieved 
by  them  in  so  important  an  enterprise. 
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REPORT  OF  THE  COUNCIL. 


The  following  Report  of  the  Council  was  read  by  one  of 
the  Secretaries : — 

At  the  commencement  of  the  present  session,  the  number 
of  ordinary  members  was  204;  during  the  course  of  the 
session  18  members  have  resigned;  2  have  been  struck  off 
the  list  as  defaulters ;  one  member,  Mr,  G.  D.  Fleming,  has 
died ;  and  4  new  members  have  been  elected.  The  present 
number  of  ordinary  members  is  therefore  187.  No  alteration 
has  taken  place  in  the  list  of  honorary  or  corresponding 
members. 

Your  Council  are  glad  again  to  be  able  to  refer  to  the  very 
satisfactory  Financial  Statement  of  the  Treasurer,  from  which 
it  appears  that  the  balance  in  hand  this  year  amounts  to 
£320.  18s.  7d.,  against  £248.  6s.  7d.,  in  hand  last  year. 
Your  Council  are  likewise  glad  to  remark  the  increasing 
estimation  in  which  the  Proceedings  of  the  Society  are  held 
by  the  scientific  and  reading  public,  as  evidenced  by  their 
being  r^ularly  printed  in  full  in  several  literary  and  scientific 
journals. 

The  valuable  library  of  literary  and  scientific  reference, 
which  the  Society  now  possesses,  has  during  the  past  year 
been  enriched  by  the  additions  of  the  memoirs  and  transactions 
of  the  numerous  academies  and  scientific  societies  throughout 
the  world,  with  which  the  Society  is  now  connected.  These 
additions  are  noted  in  the  Librarian's  Report  annexed. 

Amongst  numerous  gifts  of  literary  and  scientific  value 
which  have  been  made  to  the  Society  during  the  past  year, 
your  Council  desire  to  mention  the  donation  by  Dr.  W.  C. 
Henry,  of  an  extensive  collection  of  letters,  papers,  and  other 
documents  belonging  to  the  late  Dr.  Dalton ;  and  also  several 
manuscripts,  diagrams,  &c.,  belonging  to  the  late  Professor 
Hodgkinson,  and  presented  by  his  widow.  These  papers, 
many  of  which  have  a  high  scientific  value,  are  preserved  in 
the  archives  of  the  Society. 
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The  following  is  a  list  of  the  papers  and  communications 
which  have  been  brought  before  the  Society  during  the 
present  session : — 

October  7th,  1862.—"  Memoir  of  the  late  Professor  E.  Hodgkinson, 
Part  2nd,"  by  Robert  Rawson,  Esq.,  Hon.  Mem. 

October  2Ut,  1863. — "  Notice  of  a  Compressing  Air  Pump,"  by 
Dr.  J.  P.  Joule,  F.R.S. 

November  4M,  1862. — **  On  a  certain  class  of  Linear  Differential 
Equations,"  by  the  Rey.  Robert  Harley,  F.R.A.S. 

"  Note  on  Differential  Resolvents,"  by  William  Spottiswoode, 
Esq.,  M.A.,  F.R.S.,  communicated  by  the  Rev.  Robert  Harley, 
F.R.A.S. 

December  2mf,  1862. — "  On  certain  Linear  Differential  Equa- 
tions," by  James  Cockle,  Esq.,  M,A.,  F.R.A.S.,  F.C.P.S.,  &c., 
communicated  by  the  Rev.  Robert  Harley,  F.R.A.S. 

December  I6th,  1862.—"  On  the  Influence  of  the  Earth's  Rota- 
tion on  Winds,"  by  Thomas  Hopkins,  Esq.,  M.B.M.S. 

"  On  the  History  of  the  Mechanical  Theory  of  Heat,  by  M. 
Seguin,"  communicated  by  Dr.  J.  P.  Joule,  F.R.S. 

December  30/A,  1862. — "On  the  New  Red  Sandstone  and  Per- 
mian Formations  as  Soiu'ces  of  Water  Supply  for  Towns,"  by 
Edward  Hull,  Esq.,  B.A.,  F.G.S.,  commimicated  by  the  Preddent* 
January  ISih,  1863. — "Note   on  the  Permian  Deposit  of  the 
North-West  of  England,"  by  E.  W.  Binney,  Esq.,  F.R.S. 

January  27th,  1863.—"  On  a  New  Variable  Star  U  Tauri,"  by 
Joseph  Baxendell,  Esq.,  F.R.A.8. 
"On  Ocean  Swell,"  by  Thomas  Heelis,  Esq.,  P.R.A.S. 
February  10th,  1863.— "Notes  on  the  Introduction  of  Steam 
Navigation,"  by  J.  C.  Dyer,  Esq. 

"On  a  Barometer  for  Measuring  small  Atmospheric  Disturb- 
ances," by  Dr.  J.  P.  Joule,  F.R.S. 

February  24th,  1863.—"  On  the  Spectrum  of  the  Flame  Evolved 
in  the  Bessemer  Process,"  by  Professor  Rosooe,  B.A. 

"  On  the  Existence  of  a  Crystallizable  Carbon  Compound  and 
Free  Sulphur  in  the  Alais  Meteorite,"  by  Professor  Roscoe. 

"  On  Maximum  Groups,"  by  the  Rev.  T.  P.  Eirkman,  M.A., 
F.R.S. 
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March  llM,  1868. — ''  On  firing's  Reduction  of  the  Equation  of 
the  Fifth  Degree  to  a  Trinomial  Form,"  by  the  Rev.  Robert 
Harley,  F.R.A.S. 

"  On  the  Solution  of  the  Differential  Resolvent,"  by  W.  H.  L. 
BosseU,  A.B.»  communicated  by  the  Rev.  Robert  Harley. 

"  On  a  New  and  Extremely  Sensitive  Thermometer,"  by  Dr.  J.  P. 
Joule,  F.R.S. 

*'  On  Evidences  of  the  Antiquity  of  Man  in  the  Valley  Chravels 
in  the  neighbourhood  of  Manchester,"  by  E.  W.  Binney,  Esq., 
F.R.8. 

**  Notes  on  the  Action  of  Heat  and  Force  upon  Matter,"  by  J.  C. 
Dyer,  Esq. 

"On  the  Chemical  Constitution  of  American  Rock  Oil,"  by 
G.  Schorlemmer,  Esq.,  communicated  by  Professor  Roscoe. 

March  24ih,  1863.—"  On  the  Planet  Mars,"  by  James  Nasmyth, 
Esq.,  C.E.,  communicated  by  Joseph  Sidebotham,  Esq. 

jiprU  Ithy  1863. — ^'*0n  a  New  Diaphragm  for  Determining  the 
Magnitudes  of  Stars,"  by  A.  Brothers,  Esq. 

"  Notes  on  Two  Events  in  the  History  of  Steam  Navigation,"  by 
Dr.  W.  J.  Macquom  Rankine,  F.R,S. 

Several  of  these  have  been  ordered  by  your  Council  to  be 
printed  in  the  Memoirs  of  the  Society^  and  others  are  under 
consideration. 

LIBRARIAN'S   REPORT. 

Since  the  close  of  last  Session  815  vols.,  792  parts  of  vols., 
and  288  pamphlets  have  been  added  lo  the  Library;  of 
which  236  vols,  and  43  parts  of  vols.,  by  purchase,  and  the 
remainder  by  exchange  or  donations. 

The  periodical  publications  which  the  Librarian  is  autho- 
rised to  procure  for  the  Library  by  purchase,  are:  — 

The  London,  Edinburgh,  and  DubUn  Philosophical  Magazine. 

The  Quarterly  Journal  of  Pure  and  Applied  Mathematics. 

The  Cavendish  Society's  Publications. 

The  Ray  Society's  Publications. 

The  Palaeontographical  Society's  Publications. 
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The  Natural  History  Review. 

The  Annals  and  Magazine  of  Natural  History. 

The  Edinburgh  New  Philosophical  Journal. 

Les  Annales  de  Chimie  et  de  Physique. 

Le  Journal  de  TEoole  Polytechnique. 

Les  Annales  des  Sciences  Naturelles. 

Le  Journal  de  Pharmacie  et  de  Chimie. 

Les  Arohiyes  des  Sciences  Physiques  et  Naturelles. 

PoggendoifTs  Annalen  der  Physik  und  Chemie. 

Annalender  Chemie  und  Pharmacie. 

Journal  fiir  die  reine  imd  angewandten  Mathematik. 

Die  Astronomische  Nachrichten. 

The  Philosophical  Transactions  for  1845  and  1846  have 
been  taken  out  from  the  Library  without  being  entered  in  the 
Registers. 

It  is  to  be  hoped  that  these  volumes  will  be  returned  with- 
out delay. 

On  the  motion  of  Mr.  E.  Hunt,  seconded  by  Dr.  Clay, 
the  Report  was  unanimously  adopted. 
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The   foUowing  gentlemen  were  elected  Officers  of  the 
Society  for  the  ensuing  year : — 

^rcsincnt. 
EDWABD  WILLIAM  BINNEY,  F.E.S.,  P.a.S. 

Fi(e«Vrc«ayfnt9. 
JAMES  PEESCOTT  JOULE,  LL.D^  P.E.S^  P.aS.,  &o. 
BOBEET  ANGUS  SMITH,  Ph.D.,  P.E.S.,  P.O.S. 
JOSEPH  CHXSBOEOUGH  DYEE. 
EBWAED  SCHUNCK,  Ph.D.,  F.E.S.,  P.CS. 

BSKRY  ENFIELD  EOSOOE,  B  JL,  Ph.D.,  P.CS. 
JOSEPH  BAXENDSLL,  F.EA.S. 

EOBEET  WOETHnrOTON,  F.E^.S. 

OHABLES  FEEDEIE  EE3IAN. 

ei  ^t  Coimcil. 

EEV.  WILLIAM  GASKELL,  MA. 

FEEDEEICE  CEAGS  CALYEET,  Ph.D.,  F.E.S.,  Ac 

PBTBE  SPENCE,  F.O.S. 

GEOEGE  MOSLEY. 

ALFEED  FEYEE. 

GEOEGE  VENABLES  VEENON,  F.E.A.S. 
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MICROSCOPICAL  SECTION. 

April  20th,  1863. 

Professor  Williamson,  F.R.S.,  President  of  the  Section, 
in  the  Chair. 

Mr.  Charles  O'Neill,  F.C.S.,  and  Mr.  John  Shae  Perring, 
M.Inst.C.E.,  were  elected  Members  of  the  Section. 

Mr.  John  Slagg,  jun.,  and  Mr.  H.  A.  Hurst,  were  elected 
auditors  of  the  Treasurer's  accounts. 

Mr.  Alfred  Fryer  presented  for  distribution  amongst  the 
members  a  number  of  impressions  of  an  engraving  of  the 
Acarus  sacchari  found  in  raw  grocery  sugar,  from  Mauritius. 

Mr.  Brothers  stated  that  he  had  made  some  observations 
upon  the  circulation  in  plants,  and  he  found  that  a  degree  of 
heat  which  would  cause  free  circulation  in  Vallisneria,  en- 
tirely destroyed  it  in  Chara  vulgata.      Mr.   Brothers  also 
described  the  appearances  presented  by  the  cilia  of  MeUcerta 
ringens,  which  he  had  the  unusual  opportunity  of  observing 
whilst  the  animal  was  outside  its  case  in  a  dying  state.     As 
the  motion  of  the  cilia  gradually  became  fitful  and  then 
ceased,  it  was  apparent  that  the  cilia  of  the  inner  row  are 
much  longer  than  those  of  the  outer  row,  over  which  the 
former  appear  to  bend  and  to  brush  off  whatever  may  be 
adhering  to  them  into  the  channel  between  the  two  rows. 
Thus  are  produced   the  wavy  lines  and   apparent  onward 
progression  of  the  cilia,   which  render  this,  under  suitable 
illumination,  so  brilliant  and  interesting  a  microscopical  object. 
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Mr.  Chables  O'Neill,  F.C.S.,  made  a  communication 
"  Upon  the  Appearances  of  Cotton  Fibre  during  Solution  and 
Disintegration."  These  experiments  referred  to  the  applica- 
tion of  Schweizer's  solvent.  Two  strengths  were  used;  the 
weaker  contained  oxide  of  copper,  equal  to  4*3  grs.  metal  per 
1,000,  and  47  grs.  dry  ammonia ;  the  stronger  contained  15'4 
grs.  metal  and  77  grs.  dry  ammonia  per  1,000.  The  latter  is 
about  the  most  concentrated  solution  which  can  be  made.  Refer- 
ring to  the  researches  of  Payen,Fresny,  Peligot,Schlossberger, 
and  others  who  have  employed  this  solvent,  the  author  said 
the  only  experimenter  who  seemed  to  have  worked  in  the 
same  direction  with  himself,  and  that  apparently  only  to  a 
small  extent,  was  Dr.  Cramer,  whose  paper  he  had  only  been 
able  to  see  in  a  translation  appended  as  a  note  to  a  memoir  of 
M.  Payen  in  Comptes  Rendtts,  p.  319,  vol.  xlviii. 

Mr.  O'Neill  considers  that  cotton  exhibits,  under  the 
action  of  this  solvent,  (1)  an  external  membrane  distinct  from 
the  true  cell  wall  or  cellulose  matter;  (^),  spiral  vessels 
situated  either  in  or  outside  the  external  membrane ;  (3),  the 
true  cell  wall  or  cellulose ;  and  (4),  an  inner  medullary  matter. 
The  external  membrane  is  insoluble  in  the  solvent,  and  may 
be  obtained  in  short  hollow  cylinders  by  first  acting  upon  the 
cotton  with  the  dilute  solvent  so  as  to  gradually  remove  the 
cellulose,  and  then  dissolve  all  soluble  matters  by  the  strong 
solvent.  If  the  strong  solution  is  first  applied,  the  extra- 
ordinary dilation  of  the  cellulose  bursts  the  external  mem- 
brane, and  reduces  it  to  such  a  state  of  tenuity  that  it  is 
invisible.  This  membrane  is  very  elastic,  appears  to  be  quite 
impermeable  to  the  solvent,  and  when  free  from  fissures 
protects  the  enclosed  matter  from  its  action.  It  is  not  seen 
in  cotton  which  has  been  submitted  to  the  action  of  alkaline 
acids  and  bleaching  powder,  being  either  chemically  altered, 
or,  what  is  most  probable,  entirely  removed. 

The  spiral  vessels  are  unmistakeably  apparent,  running 
nmnd  the  fibre  in  more  or  less  close  spirals,  sometimes  single, 
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sometimes  double  and  parallel^  and  at  other  times  double  and 
in  opposite  directions,  or  again  seemingly  wound  close  and 
tight  round  the  cylinder.  They  are  well  seen  in  the  spherical 
swellings  or  beads,  but  are  prominent  at  the  points  of  stran- 
gulations of  long  ovals  formed  when  the  ends  of  the  fibres 
are  held  tightly.  They  collect  in  a  close  mass^  forming  a 
ligature,  and  are  frequently  ruptured,  the  ends  projecting  from 
tiie  side  of  the  fibre. 

The  cellulose  is  enormously  dilated  by  the  weaker  solvent, 
and  expands  the  external  membrane  into  beautiful  beads, 
which  are  doubtless  the  result  of  the  spiral  vessels  acting  as 
ligatures  at  the  points  of  strangulation ;  at  the  open  end  of  a 
fibre  it  can  be  seen  oozing  out  as  a  mucilaginous  substance. 
The  stronger  solution  bursts  the  beads,  or  dissolves  all  the 
cellulose  into  a  homogeneous  mass,  amidst  which  the  empty 
cuticular  membrane  and  the  spiral  vessels  remain  nearly 
unacted  upon. 

The  substance  called  medullary  matter  is  seen  occupying 
the  axes  of  the  fibres ;  it  is  nearly  insoluble  in  the  solvents. 
It  may  be  well  seen  projecting  from  the  open  end  of  a  fibre 
where  the  cellulose  is  exuding,  and  often  remains  in  situ  when 
the  fibre  has  quite  disappeared.  It  has  many  appearances  of 
being  a*  distinct  body,  but  the  author  in  some  cases  thought 
it  might  be  only  the  thickened  or  modified  inner  cell  wall ; 
in  others  it  looked  like  a  shrunk  membrane,  probably  the 
dried  up  primordial  utricle.  It  is  generally  absent  or  indis- 
tinct in  old  cotton,  or  cotton  which  has  been  submitted  to 
bleaching  agents. 

Mr.  O'Neill  intends  to  submit  further  details  when  his 
investigations  are  more  advanced. 

Mr.  Hbpworth  stated  that  he  had  observed  spiral  mark- 
ings in  Sea  Island  Cotton,  not  subjected  to  Chemical  Action, 
and  that  he  had  calculated  there  would  be  about  50,000 
spirals  to  an  inch  of  fibre. 
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PHYSICAL   AND  MATHEMATICAL  SECTION. 

April  80th,  1868. 

Joseph   Baxehdell,  F.R.A.S.,  President  of  the  Section^ 
in  the  Chair. 

A  Paper  was  read  hy  Mr.  Thomas  Carrick,  "On  the 
Wave  of  High  Water,  with  Hints  towards  a  New  Theory  of 
the  Tides." 

The  Author,  starting  from  a  new  hypothesis  on  the 
relations  of  terrestrial  matter  to  cosnfical  force,  has  arrived 
at  the  conclusion  that  the  tidal  motions  of  ocean  surfaces 
are  caused  by  a  differential  action  of  force  centering  on  land 
areas.  The  nature  of  this  hypothesis,  and  its  relation  to 
those  motions,  were  briefly  illustrated  from  the  point  of 
view  of  an  assumed  nebulous  origin  of  the  solar  system. 
The  Author  nevertheless  declined  to  endorse  the  received 
•*  nebular  hypothesis"  as  a  genetic  theory,  and  adopted  its 
ideas  and  phraseology  in  his  Paper  solely  from  considerations 
of  brevity  in  this  incidental  portion  of  his  subject. 

Assuming  the  existence  of  a  diffused  nebula,  composed  of 
ultimate  atoms  of  matter,  each  having  a  normal  rotation  on  a 
fixed  axis  in  a  uniform  direction,  and  with  simple  forces  of 
attraction  and  repulsion  arising  thereout,  then,  from  causes 
arising  out  of  diverse  molecular  groupings  of  these  atoms  and- 
their  poles,  the  nebulous  matter  in  condensing  upon  a  centre 
might  take  up  three  successive  states,  constituting  the  normal 
types  of  the  solid,  liquid,  and  gaseous  states  of  terrestrial 
PsocsBDnrot—LiT.  &  Phil.  Booibtt— No.  I—Sbssiox,  IS63— 1S64. 
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bodies, — the  solid  matter  forming  a  spherical  nucleus,  every- 
where covered  with  a  concentric  layer  of  fluid,  and  this  over- 
laid with  a  gaseous  envelope ;  these  varying  layers  of  matter 
being  in  stable  equilibrium  at  the  respective  surfaces  of 
contact.  The  force  exerted  upon  such  a  sphere  by  another 
of  like  origin  would  therefore  act  by  and  through  the  inter- 
mediation of  these  three  states, — each  successive  stage  of 
condensation,  alike  with  the  residual  uncondensed  nebulous 
matter  of  space,  thus  forming  an  essential  link  in  the  chain 
of  gravitative  action.  But  so  soon  as  any  portions  of  the 
solid  nucleus  emerge  above  the  surface  of  the  fluid  covering, 
into  abnormal  contact  with  the  gaseous  envelope,  a  differential 
action  of  enormous  magnitude,  centering  upon  these  upheaved 
land  areas,  would  be  at  once  originated,  the  first  measure  of 
which  would  be  the  cosmical  value  of  the  latent  forces  by 
which  the  fluid  state  of  matter  was  constituted  an  essential 
intermediate  link  between  the  solid  and  gaseous  states.  In 
the  view  of  the  Authori  terrestrial  matter  in  all  its  phases  is 
now  related  to  space,  and  to  bodies  in  space,  in  a  manner 
analogous  to  that  which  might  have  resulted  from  such  a 
hypothetical  origin.  Not  only  does  this  matter  exist  in  the 
three  leading  states  of  earth,  water,  and  air,  but  each  of  the 
simpler  forms  of  inorganic  matter  can,  under  given  conditions, 
successively  assume  the  solid,  liquid,  or  gaseous  state  without 
undergoing  any  chemical  change.  This  universal  threefold 
relation  of  terrestrial  matter  points  strongly  towards  the 
simple  hypothesis,  that  the  causal  laws  which  now  regulate 
these  interchanges  of  state  are  the  reflex  of  fundamental  laws 
underlying  the  entire  constitution  of  matter  in  the  solar  system. 
Passing  over  the  possible  relation  of  the  first  land-upheaval 
to  the  early  changes  recorded  by  geology,  and  to  the 
formation  of  heterogeneous  solids,  liquids,  and  gases,  the 
differential  force  arising  therefrom  would  be  the  initiating 
cause  in  the  formation  of  the  envelope  of  comminuted  water 
or  vapour  which  now  encircles    the   whole  globe.      This 
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vapour-ocean  constitutes  an  intermediate  state  of  matter  in 
unstable  equilibrium  with  other  states  at  all  surfaces  of 
contact.  By  interactions  arising  thereout,  the  simple  static 
conditions  of  force  existing  prior  to  land-upheaval  are  now, 
in  the  view  of  the  Author,  partly  replaced  by  more  complex 
phases  of  force ;  and  thus  light,  heat,  electricity,  and  magnet- 
ism, which  are  expressions  of  these  complex  phases,  have 
their  root  in  local  reactions  between  unstable  states  of  terres- 
trial matter  at  surfaces  of  abnormal  contact  when  under  the 
tension  of  cosmical  force — just  as  all  these  "  imponderable 
elements"  are  evoked  in  the  voltaic  battery  by  surface 
reaction  of  dissimilar  solids  and  liquids  in  presence  of  atmo- 
spheric tension.  In  short,  the  ceaseless  molecular  changes 
and  local  motions  of  terrestrial  matter  would,  on  this 
hypothesis,  be  mainly  referred  to  the  differential  action 
arising  out  of  land-upheaval. 

Recurring  to  the  ''  wave  of  high  water"  which  formed  the 
special  subject  of  the  Paper,  another  phase  of  the  present 
residual  of  that  differential  action  would  give  rise  to  the  tidal 
motions  of  ocean  surfaces,  the  perturbative  action  centering 
on  land  areas,  and  attaining  a  maximum  value  on  the  shores 
of  those  areas.  By  discussing  the  hours  of  high  water  at 
full  and  change  for  the  principal  places  of  the  globe,  given 
in  the  Admiralty  Tide  Tables  for  1868  (the  data  being  first 
reduced  to  Greenwich  mean  time),  the  author  arrived  at  the  fol- 
lowing law  of  the  progression  of  the  wave  of  high  water : — 

ih  cM  land  areas  in  the  northern  hemisphere  the  waee  of 
high  water  tends  to  revolve  round  the  coast  in  the  direction  of 
the  hands  of  a  toatch,  and  in  like  areas  in  the  southern 
hemisphere  against  the  hands  of  a  watch. 

Theoretically,  this  law  should  hold  good  in  proportion  as 
land  areas  approximate  to  the  circular  form,  with  wide 
uninterrupted  ocean  spaces  all  round.  In  a  perfectly  circular 
area  of  this  kind,  the  differential  action  would  have  points 
of  maximum  and  minithum  effect  on  opposite  shores  at  every 
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instant, — these  together  forming  a  nodal  line,  both  eod?  of 
which  would  move  simultaneously  round  the  coast  as  the 
BGLOon  passed  across  the  heavens,  the  wave  of  high  water  being 
everywhere  the  instantaneous  expression  of  the  differential 
force  at  its  nodal  point  of  maximum  action. 

By  enclosing  the  continents  and  land  areas  which  approach 
nearest  to  the  prescribed  conditions  within  one  or  more 
circles  intersecting  the  salient  parts  of  the  coast,  the  Author 
showed  that  whenever  any  systematic  progression  of  the  hour 
of  high  water  could  be  distinctly  traced,  that  progrepsion  is 
almost  invariably  in  the  required  direction.  Owing,  however, 
to  the  irregular  shape  of  all  existing  land  areas,  to  the  im- 
possibility of  including  some  of  these  in  a  single  circle 
approximating  to  the  coast  line,  and  to  the  way  in  which 
some  large  areas  are  massed  upon  others  with  little  or  no 
intervening  ocean  spaces,  many  instances  of  anomalous 
results  are  found;  and  yet,  when  rightly  considered  in 
relation  to  disturbing  causes,  even  these  tend  indirectly  to 
confirm  the  method  of  groupipg  the  data  of  tidal  hours  in 
relation  to  laud  areas  as  causal  centres. 

A  Ps^per  was  read  *^  On  the  number  4>f  Days  on  which 
Bain  falls  annually  in  London,  ironi  observations  made 
during  the  56  years,  X807-r-1862."  By  G.  V.  Vbh^non, 
y.R.A.S,,  M3.M.S. 

Xhi3  paper  ha$  h^BXi  compile  to  xa?et,  to  some  extent;, 
inquiries  which  have  from  time  to  time  been  made  to  me  by 
medical  men  and  others  as  to  the  number  of  days  on  which 
rain  falls  annually  at  any  station.  Of  course,  the  remarks 
only  apply  to  London  and  its  immediate  neighbourhood. 

HovHurSs  Climate  cf  London^  has  been  used  for  the  yearai 
1807  to  1831,  Philosophical  Transactions  for  the  years  1880 
to  1840,  and  the  Greenwich  Observations  for  the  yeai-s  1841 
to  1862.  During  the  entire  period  of  66  years  no  montb 
occurred  in  which  rain  did  not  fall.   - 
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Tfae  minimum  number  of  days  occurred  in  1830,  the 
diolera  jear^  and  1834;  the  number  of  days  being  86  and 
and  8£  respectively.  The  maximum  number  occurred  in 
1848,  the  number  being  H&S  days. 

The  mean  monthly  values  are  as  follow : — 

MeMLimmberof  da|B  Bieaa  oomber  of  days 

Month.  OD  irlitoh  nOn  ML  Month.  on  WhlSh  rain  f eU. 

January 134  July ISO 

February    124  August 129 

March 119  September    127 

April 12-7  October 144 

May     12-7  November 18-6 

June    120  December 13-6 

Year 156-8 

Taking  the  quarterly  values,  we  find  that  rain  falls  on  the 
greatest  number  of  days  in  autumn,  and  the  least  in  spring. 

Taking  the  means  of  five  yearly  periods,  there  appears 
to  be  a  kind  of  periodicity  in  the  number  of  days  on  which 
rain  falls,  having  a  maximum  in  1813  to  1817,  and  a 
mimmum  in  1843  to  1847. 

A  Paper  was  read  ''  On  the  Rainfall  at  Oldham  during  the 
yeavi  1836-62,'*  by  Johk  Heap,  Esq.,  with  Remarks  by 
G.  V.  Vmuion,  F.R.A.S.,  M.B.M.S. 

From  1856  to  1862  a  twelve-inch  circular  gauge  was  used, 
24  feet  from  the  ground.  From  1853  to  1857  the  height  was 
only  1 1  feet  above  the  ground.  In  1861  and  1862  the  fall  was 
determined  by  weight,  whereas  in  previous  years  a  float  was 
used. 

The  mean  fall  for  the  first  seventeen  years,  24  feet  above 
the  groond,  was  32-468  inches.  The  mean  fall  for  1853-57 
was  30*802  inches,  11  feet  above  the  ground.  The  mean  fall 
for  1858  to  1862  was  38069  inches.  The  period  1853  to 
1862  combined  gives  34*432  inches  for  the  fall  11  feet  above 
the  ground.  Owing  to  the  elevation  of  the  gauge  during  the 
first  seventeen  years,  the  raiu&U  at  Oldham  appears  to  have 
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been  greatly  below  that  at  Manchester,  whereas  it  ought, 
from  the  locality,  to  be  more. 

From  careful  comparisons  with  the  rainfall  at  Manchester 
I  find  39*752  inches  as  the  probable  rainfall  at  Oldham  for 
the  twenty-seven  years,  1 1  feet  from  the  ground. 

The  mean  monthly  fall  for  each  period  was  as  follows : — 


MONTH. 

1836—1852. 

1853-1857. 

1858—1862. 

1853—1862.  1 

January    .... 
February  ^ . . , 

March 

April    

May 

June 

July 

August 

September    . . 
October    .... 
November    . . 
December     . . 

Inches. 
2-195 
1-825 
2-090 
2-147 
2-328 
3-055 
3-490 
3-493     . 
2-880 
3-230 
3-399 
2-336 

Inches. 
1-955 
2-130 
1-509 
1-740 
2-305 
2-379 
3-476 
3-358 
1-912 
4-637 
2-075 
3-326 

Inches. 
2-537 
2029 
3-481 
2-230 
2-577 
3-898 
3-567 
3-471 
4-622 
4-020 
2-222 
3-415 

Inches. 
2-246 
2079 
2-495 
1-985 
2-441      i 
3-138 
3-521 
3-414 
3-267 
4-328 
2-148 
3-370 

Sums 32-468 

30-802 

88-069 

84-482 

Corresponding 
Periods     a1 
Manchester. 

^ 

86-859 

81-371 

33-757 

32*564 

Mr.  Joseph  Casaktblli  exhibited  a  new  Registering 
Barometer.  The  tube  in  this  instrument  is  Gay  Lussac's,  or 
the  syphon  form,  and  is  enclosed  in  a  mahogany  case,  in 
which  is  an  eight  days  clock.  The  arrangement  is  such 
that  at  the  completion  of  every  hour  the  hammer  of  the 
clock  strikes  upon  a  portion  of  the  apparatus,  which  impels 
the  index  point  on  to  the  drum  and  pierces  a  hole  in  the 
diagram ;  thus  forming  an  hourly  record  of  the  height  of 
the  barometer  from  week  to  week. 
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Professor  Clifton  exhibited  an  instrument  devised  by  him 
for  observing  the  phenomena  of  Conical  Refraction,  both 
internal  and  external, 


The  following  letter  was  received  on  May  12th,  1863  :  — 

HISTORY  OF  STEAM  NAVIGATION. 

To  THE  Secretary  of  the  Literary  and  Philosophical 
Society  of  Manchester. 

Sir, 

(I.)  I  regret  that  my  having  been  acquainted  with  the 
abstract  only  of  Mr.  Dyer's  paper,  and  not  with  the  entire 
paper,  should  have  led  me  to  suppose  erroneously  that  Mr. 
Dyer  had  overlooked  the  claims  of  Henry  Bell,  and  also  tliat 
he  had  mentioned  Symington's  steamboat  of  1801  more 
slightly  than  he  really  had  done. 

(2.)  With  regard  to  the  bad  pecuniary  result  of  Bell's 
undertaking,  I  think  it  is  to  be  ascribed  to  competition  rather 
than  to  Tvant  of  encouragement.  In  little  more  than  a  year 
after  the  "Comet"  began  to  ply,  a  rival  steamer  of  greater 
size  and  power  was  started  on  the  Clyde,  and  was  soon 
followed  by  others. 

(3.)  In  supporting  the  opinion  of  Mr.  Woodcroft,  that  the 
title  of  the  "first  practical  steamboat"  is  due  to  that  vessel 
in  which  the  double-acting  cranked  steam  engine — in  short, 
Watt's  rotative  engine  —  was  first  applied  to  drive  the  pro* 
peller,  I  proceed  on  the  principle,  that  to  constitute  a  "  prac- 
tical" machine,  that  machine  must  be  capable,  not  merely  of 
working  well  during  a  series  of  experiments,  but  of  continuing 
to  ^ork  well  for  years,  with  ordinary  care  in  its  management 
and  repairs. 
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(4.)  Such  certainly  never  was,  and  never  could  have  been 
the  case,  with  any  steamboat  in  which  the  wheels  were  made 
to  turn  by  means  of  chains  and  rachet-work :  —  a  sort  of 
mechanism  which  may  answer  its  purpose  during  an  expe- 
riment, but  which  must  rapidly  wear  itself  out  by  shocks  and 
rattUng.  Such  an  engine  is  not  a  ^^  practical  steam  engine;" 
and  a  vessel  driven  by  it  is  not  a  "practical  steamboat" 
Hence  the  importance  which  I  am  disposed  to  ascribe  to 
the  first  actual  use  of  a  permanently  efficient  rotative  steam 
engine  to  drive  a  vessel. 

(5.)  It  may  be  true  that  as  an  original  inventor,  Syming- 
ton ought  to  be  ranked  below  his  predecessors ;  because  his 
steamboat  of  1801  was  only  a  new  combination  of  parts  which 
had  previously  been  invented  separately  by  others:  —  the 
paddle-wheel,  by  some  unknown  mechanic  of  remote  anti- 
quity ;  the  application  of  steam  to  drive  vessels,  by  a  series 
of  inventors,  comprising  P^pin,  Hulls,  D.  Bernouilli,  Jouffroy, 
Miller,  and  Taylor;  and  the  rotative  steam  engine  by  Watt: 
still  the  merit  of  having  first  used  a  "  practical  steam  engine" 
to  drive  a  vessel  is  due  to  Symington. 

(6.)  Considering  the  intimate  personal  knowledge  possessed 
by  Mr.  Dyer  of  the  early  history  of  steam  navigation,  and  the 
eminent  services  which  he  long  ago  did  to  the  community  by 
his  efibrts  in  promoting  its  introduction  into  Britain,  it  is 
very  satisfactory  to  me  to  find  that  the  main  difference  between 
us  relates  only  to  the  degree  of  importance  to  be  attached  to 
a  particular  step  in  the  history  of  that  art. 

I  am.  Sir, 
Your  most  obedient  Servant, 

W.  J.  MACQUORN  RANKINE, 
0LAsaow,  llTH  Mat,  1868. 
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A  Paper  was  communicated  on  July  Ist,  entitled,  ^*The 
Complete  Theory  of  Groups,  being  the  Solution  of  the 
Mathematical  Prize  Question  of  the  French  Academy  for 
1860.  By  the  Rev.  Thos.  P.  Kirkman,  M.A.,  F.R.S.,  and 
Honorary  Member  of  the  Literary  and  Philosophical  Societies 
of  Manchester  and  Liverpool." 

I  have  the  honour  to  present  to  this  Society  a  complete 
solution  of  the  problem  proposed  early  in  1858  by  the  French 
Academy,  as  the  subject  for  their  Grand  Prix  des  Math^- 
matiques^  for  June,  1860. 

After  the  first  contest  of  that  date,  at  which  something 
more  was  accomplished  than  what  is  common  at  a  first  com- 
petition on  a  question  of  the  same  difficulty,  by  the  three 
candidates,  of  whom  it  was  my  fortune  to  be  one,  it  was 
withdrawn  from  further  competition,  without  any  award  of 
the  prize,  with  an  unusual  suddenness,  which  created  some 
remark  in  the  world  of  science.  The  reason  assigned  for  this 
abrupt  dismissal  of  a  question,  on  which  the  savans  of  the 
imperial  Institute  had  solemnly  invited  their  scientific  con- 
temporaries of  all  nations  to  undertake  a  two-years'  toil,  was 
this,  that  while  the  Academy  briefly  thanked  and  commended 
all  the  competitors  for  contributing  what  was  new  and  really 
important,  on  a  theory  whose  complete  discussion  it  had  not 
hoped  to  obtain,  that  learned  body  was  unanimously  agreed, 
that  its  intentions  about  the  unknown  subject  were  not 
fulfilled.  This  is  placed  on  record,  without  the  faintest 
definition  of  those  intentions,  or  publication  of  the  facts  of 
the  contest ;  the  investigators  receiving  no  definite  credit, 
even  in  brief  summary,  for  their  numerous  original  results. 
Vide  the  curt  report  of  the  Referees,  in  the  copious  and 
weekly  Comptes  Bendus  de  PAcad^ie,  Mars,  1861. 

It  is  due  to  the  question  and  to  myself  to  state,  that  a  letter 
was  written  by  my  friend  Mr.  Ekman,  on  my  part,  to  the 
Paoosmoret— Lrr,  ft  Phil.  SodBXT-^Ko.  2.— Smuok,  1S68-64. 
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Academy,  on  the  26th  of  April  last,  offering  to  them  this 
solution  of  their  prize-question,  on  condition  that  they  would 
award  to  me  some  kind  of  extfyx  medal,  after  satisfying 
themselves  that  my  work  is  what  it  pretends  to  be,  the  whcde 
of  that  theory  of  which,  in  their  proposals  of  1858,  they 
desired  to  obtain  only  some  notable  extension. 

He  received  a  formal  reply,  dated  May  11,  informing  him 
that  the  matter  was  referred  to  the  Committee  of  the  competi- 
tion of  1860:  he  has  since  heard  nothing  more. 

The  prize-question  for  1860  was  the  following : — 

"  Quels  peuvent  6tre  les  nombres  de  valeurs  des  fonfctions 
bien  d^finies  qui  contiennent  un  nombre  donn6  de  lettres,  et 
comment  peut-on  former  les  fonctions  pour  lesquellesilexiste 
un  nombre  donn^  de  valeurs  ?** 

A  complete  answer  to  this  question,  which  is  more  than 
the  Academy  required  in  its  proposals  in  1858,  must  supply  a 
clear  and  direct  method  of  ^forming  every  possible  transitive 
r-valued  function  of  n  letters  not  divisible  by,  nor  containing, 
asymmetric  function,  with  an  enumeration  of  all  its  equiva- 
lent functions,  that  is,  functions  of  like  form  and  degree,  of 
which  no  one  is  a  value  of  another,  and  also  with  a  demon* 
stration  that  no  other  such  r- valued  functions  of  n  lettem  are 
possible.  Such  a  complete  answer  is  given  in  the  Memoir 
of  which  this  Paper  is  the  abstract. 

To  expect  here  definite  results  in  general  formulos  for 
every  value  of  «,  is  about  as  reasonable  a  thing  as  to  ask  for 
a  complete  exposition  of  the  theory  of  numbers  in  general 
formula.  I  have  the  honour  to  present  the  results  demanded, 
both  positive  and  negative,  for  values  of  n  below  n  c=  11,  and 
to  shew  that  all  further  results  can  be  obtained  with  certainty 
by  my  method  up  to  any  value  of  n.  It  is  a  great  satisfEiction 
to  me  to  be  able  to  say,  that  the  positive  results,  i.e.^  all  the 
groups  and  functions  thus  fEir  found,  fall  under  the  definite 
and  general  though  defectively  arranged  theorems,  of  the 
treatise  which  I  sent  to  Paiis^  and  of  the  supplem^it,  which 
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hdve  been  together  prints  in  the  MeiiU)ir»  of  this  Sooie4y ; 
tihile  there  is  a  considerable  portion  of  the  positive^  besides. 
n»wt\y  all  the  negative  results,  the  more  difficult  to  eatablkh, 
whieh  are  comprehended  under  no  theorems  elsewhere  to  be 
{wmdy  whether  definitely  expressed,  or  indefinitely  by 
imperfect  description  of  limiting  cases.  All  that  is  necessary 
to  be  added  to  that  treatise^  including  the  supplement,  for 
the  complete  mastery  of  the  problem,  is  briefly  given  in  the 
following  nine  articles.  The  tables  which  next  follow  give 
account  of  all  transitive  groups  made  with  fewer  than  eleven 
elements. 

I.  Every  transitive  group  T,  made  with  n  elements,  is  of 
the  Older  ni,  and  contains  a  group  K  of  the  order  k,  made 
with  n-j-y — 1  elements,  of  which  the  «th,  or  final,  is  not 
one,  which  may  be  a  transitive  or  intransitive  group  K,  and 
wUch  we  call  the  hfise  of  the  group  T.  Hence  the  problem 
is  CMupletely  solved,  if,  when  any  such  group  K  of  the  order 
k  is  given,  we  can  construct  every  transitive  group  T  made 
with  i»  el^nents,  which  contains  K,  with  an  accurato  descrip- 
tion of  T,  and  with  the  enumeration  of  its  equivalents,  or 
prove  that  no  such  group  T  exists.  We  thus  establish  all 
the  required  results,  both  positive  and  negative. 

II.  The  group  K  made  with  n—y — 1  elements,  is  given 
at  first  sufficiently  by  its  titie,  and  by  the  number  Q^  of  its 
equivalents,  without  its  actual  construction. 

Definition.  The  title  of  any  group  K  exhibits  the 
number  of  its  substitutions  of  every  form,  Le,,  having  any 
ckcttlar  ^Actors,  ejg.  Here  are  the  titles  of  three  transitive 
groups  K  erf  the  order  A  =  24,  with  the  numbers  Q  of  their 
equivalents : — 


24  =  l  +  6^  +  62p  +  83j  +  32,^ 

Q  =  l; 

24-l  +  8g2+64.+  83.j,+  l2«^ 

Q  =  840j 

24  =  l  +  8gjj  +  83,j.  +  72,^ 

Q  =  840. 
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The  first  is  made  with  four  elements,  the  other  tiro  with 
eight.  The  term  64  shews  that  there  are  six  substitutions 
ha\dng  each  a  circular  fector  of  the  fourth  order.  The  term 
6212  shews  six  substitutions,  having  each  one  circular  factor  of 
the  second  order,  and  two  elements  undisturbed ;  the  term 
832,5  exhibits  eight  substitutions,  each  having  two  circular 
factors  of  the  third  order,  and  two  elements  undisturbed. 
Exponents  in  the  signature  (  =  sub-index)  are  merely  co- 
efficients; S^V  meaning  the  sum  of  3S11,  and  2^  meaning 
that  of  2222. 

The  clear  terms  of  a  title  (clear  of  units)  as  64 ,  8^2 ,  are 
those  in  which  no  units  are  read;  these  have  no  element 
imdisturbed:  the  unclear  terms yVLS  621^  ,8ziy  shew  units,  that 
is,  undisturbed  elements,  in  the  signature. 

III.  From  the  title  of  any  group  K,  transitive  or  intran- 
sitive, made  with  n — y — 1  elements,  and  of  the  order  A, 
the  unclear  terms  of  the  title  of  every  transitive  group  T, 
made  with  n  letters,  and  of  the  order  ni,  which  contains  K, 
are  all  written  at  once  by  the  general  theorem  following. 

Theorem.  The  number  of  substitutions  of  a  given  form 
and  of  any  order  j?  in  the  group  K,  is  always  the  term  (aR^)*  of 
the  title,  Rp  being  the  number  of  integers,  unity  included, 
which  are  less  than  p  and  prime  to  it,  and  i  being  the 
signature,  containing  1"*,  or  shewing  m  (>0)  undisturbed 
letters :  the  whole  unclear  term  J,  of  the  title  of  T  is  deter- 
mined by  (aRp)„  and  is  always  (R^ rj  where  the 

signature/  differs  from  t  only  by  having  y  +  1  more  units,  or 

1-+H-1  for  i«. 

If  the  number  t-  is  not  an  integer  thus  obtained 

from  every  term  of  the  title  of  K,  no  transitive  group  T  made 
with  n  elements  exists  containing  the  base  K. 

IV.  The  unclear  terms  of  the  title  of  T  being  thus  alj 
found,  the  clear  terms  are  next  required.    First,  we  know^ 
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bj  tbe  elements  of  this  theory,  that  no  substitution  can  he 
in  T,  unless  all  its  powers  are  T.  The  unclear  powers  of  all 
sabstitutions  in  T  are  already  written;  hence  we  know  by 
inspecticm  what  clear  substitutions  having  unclear  powers  are 
possible.  This  always  reduces  the  admissible  clear  signatures 
to  a  small  number.  Let  Li  be  the  sum  of  the  unclear  terms 
of  T.  Then  nk — ^Li  =  Lo  is  the  sum  of  the  clear  terms,  and  we 
have 

I^  =  A«  +  Bj  -I-  Ce  +  .  . 

Oyby  c  ,  ,  being  the  admissible  clear  signatures,  and  ABC  .  . 
being  sought  numbers. 

V.  Def.  A  positive  substitution  or  signature  has  an  even 
number  (>0)  of  even  circular  factors.  Thus,  in  the  first  of 
the  three  above  written  titles,  the  signatures  of  1,  831,  and 
3^  are  positive.  In  the  other  two  titles  all  are  positive. 
A  signature  or  substitution  not  positive,  is  negative,  as 
in  6ai2 ,  64. 

A  mixed  group  has  as  many  positive  as  negative  substitu- 
tions, and  the  former  of  themselves  are  always  a  group.  A 
positive  group  has  no  negative  substitutions. 

Hence  if  Lj  is  all  positive  and  greater  than  ^A,  we  know 
that  Lo  has  only  positive  signatures,  and  all  its  terms  have  to 
be  found.  If  Lj  is  mixed,  we  know  that  T  is  mixed,  and  we 
have  its  positive  half  in  our  tables  of  titles.  It  may  be 
transitive  or  intransitive,  and  is  easily  recognised  by  com* 
parison  of  L, ;  and  we  know  that  the  negati.ve  half  is  the 
positive  half  multiplied  by  any  negative  substitution  in  Li ; 
i.e.  the  group  T  is  completely  given  by  construction,  although 
we  have  not  yet  its  title.  We  extract  from  the  pdsitive  half 
in  oar  tables  the  positive  clear  terms  in  Lo,  and  the  negative 
terms  of  Lo  alone  have  to  be  found.  In  any  case  we  have, 
{M5O), 

L'o=U— M=A«+B5+a+  .  . 

ivhere  ABC  ...  are  sought  numbers  whose  sum  is  known. 
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and  a  b  c  . .  are  either  all  positive  or  all  negative  cleat 
signatures. 

VI.  An  important  theorem  is  the  following : — 
Theorem, — If  0„  and  0„  be  two  substitutions  of  any  order /> 

having  the  same  signature  a^  in  any  group  T^  and  if  da  <^Qd 
^„  are  not  one  a  power  of  the  other,  and  have  not  a 
common  power  different  from  unity,  T  cannot  contain 
(as  A„)  fewer  than  (2+RjR^  substitutions  having  the 
signature  a,  where  R^  has  tjie  value  above  given  (III). 

If  Qa  and  ^^  have  a  common  power  different  from  unity, 
that  is,  if  they  be  roots  of  the  same  substitution  X,  and 
not  one  a  power  of  the  other,  the  number  A  may  be  less  than 
(2+R^)Rp.  If  X  is  unclear,  or  clear  and  positive  in  a  mixed 
group  T,  we  have  before  us  tlie  number  of  substitutions  in 
T  of  the  form  of  X.  The  number,  of  rth  roots  that  any 
substitution  X  can  have  is  easily  deduced  from  the  theorems 
of  my  published  Memoir.  Thus  we  have  a  conditioned 
limit  of  A.  And,  by  the  inferior  groups  already  registered, 
which  contain  more  than  one  rth  root  of  X,  we  know  in 
general,  by  the  presence  or  absence  of  certain  other  substitu- 
tions, whether  our  group  T  can  or  cannot  contain  more  than 
one  rth  root  of  X. 

VII.  The  above  considerations  in  most  cases  enable  us  to 
determine  the  values  of  ABC  ....  If  obscurity  remains,  we 
must  have  recourse  to  the  consideration  of  the  numbers 
Qk  and  Qx,  of  the  equivalents  of  K  and  T.  Q^  is  always 
given,  and  we  easily  prove  that 

Qt=AQk, 

and  also  that 

,      l-2-3....7i 

i,e.y  that  h  is  some  divisor  of  a  given  number.  When  the 
group  T  is  mixed,  we  know  the  value  of  h  exactly,  by  virtue 
of  a  remark  in  Art.  V.  We  know  also,  by  the  theorems  of 
my  printed  Memoir,  the  entire  numbers  Va  V*  V^  V^  - . . . 
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of  aabeUtudoiis  haying  any  signatures  ab  c  g^  whether  clear 
or  unclear ;  and  if  q^  ()*  (>«  p^  . .  be  the  number  of  times  that 
V,  V*  V^  V^ . . .  •  are  repeated  in  all^he  Qj  equivalents  of  T, 
we  xeadily  prove,  as  in  the  86th  article  of  that  Memoir,  that 

whence  we  obtain 

F.FjF^  being  known  numbers.     Hence 

^L'o  =  F^«  +  F6p,  +  F^,  +  ..  . 
where  either  h  is  known,  or  the  possible  factors  of  A  are 
known.  In  every  case  yet  considered  in  which  T  is  impos* 
sible,  its  non-existence,  if  not  exposed  before,  is  proved  by  a 
simple  absurdity,  as  that  h  does  and  does  not  contain  a 
certain  factor  g.  If,  after  clearing  the  two  members  of  the 
last  equation  of  common  factors,  no  such  absurdity  appears^ 
we  select  values  of  p^^pc  consistent  with  the  preceding  con- 
siderations, thus  determining  admissible  systems  of  values  of 
ABC    -to  fulfil  the  condition 

L'o  =  A^  +  Bi  +  Cc  4-  .  .  .  j 
and  we  complete  with  each  system  a  title  of  a  group  T. 

Vlll.  It  is  sometimes  a  simpler  consideration  than  (VII.) 
to  take  account  of  the  products  of  the  substitutions  of  the 
second  order  in  the  title.  If  it  be  a  real  one,  we  can  account 
for  every  such  product  a/3.  These  are  either  permutables, 
giving  the  product  a/3=7  of  the  second  order,  or  else  didymous 
&ctors  of  higher  substitutions  of  the  title.  The  number  of 
substitutions  permutable  with  a  of  the  second  order,  the 
number  of  different  sets  of  didymous  factors  that  ^  of  any 
order  can  have,  the  number  of  substitutions  0, ;//,  x>  of  like 
or  different  orders,  under  which  a  can  be  written  as  a  didy- 
mous factor — all  these  are  readily  deducible  from  the  theorems 
of  my  published  Memoir.  A  title  is  thus  often  easily  shewn 
to  be  impossible,  by  the  fact,  that  no  account  can  be  given 
of  the  products  of  its  square  roots  of  unity. 
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IX.  The  groups  T,  whose  titles  are  thus  consistently 
described,  are  now  considered  possible:  their  reality  is 
proved,  if  we  can  construct  them.  This  construction  is 
always  indicated  by  the  group  K  and  by  the  completed  title. 
We  have  in  general  to  multiply  K  by  a  root  or  roots  of  one 
of  its  lowest  substitutions.  These  roots  are  readily  found  by 
the  tactical  method  of  evolution,  on  which  I  believe  that  I 
have  had  the  honour  to  write  all  that  has  been  written,  and 
what  is  equally  important,  in  this  theory,  with  involution. 
Sometimes  we  have  to  multiply  K  by  a  substitution  d,  which 
has  for  one  didymous  factor  one  of  the  square  roots  of  unity 
in  K,  and  for  the  other  a  permutable  with  another  in  K. 
This  0  is  always  most  easily  found  by  a  tactical  method.  In 
every  case  in  which  a  possible  group  is  indicated  by  a  com- 
pleted title,  I  have  thus  far  found  that  the  construction 
follows  by  the  most  simple  and  rapid  tactical  methods.  The 
construction  of  K  is  of  course  tactically  known,  as  is  that  of 
every  group  transitive  or  intransitive  in  our  register.  And 
we  can  always  give  a  clear  account  of  the  equivalent  or  non- 
equivalent  groups  T,  which  are  built  on  the  same  base  K. 

The  determination  of  the  titles  of  groups  T  is  assisted 
throughout  by  the  general  theorems  of  my  Memoir,  on 
grouped,  woven,  and  woven-grouped  groups,  of  which  we 
know  the  majority  for  all  values  of  »,  by  well-defined 
constructions,  as  well  as  the  enumeration  of  their  equivalents. 

The  greater  number  of  intransitive  groups  are  found  to  be 
inadmissible  as  bases  K  of  transitive  groups  T,  for  all  values 
of  «,  by  simple  rules  deduced  from  (III).  Of  those  not  thus 
excluded,  the  bases  K,  which  form  part  of  no  T  made  with 
n  elements,  are  rapidly  disposed  of,  chiefly  by  the  theorem  of 
(III).  And  the  demonstrations,  whether  affirmative  or 
negative,  are  always  very  briefly  drawn  from  the  preceding 
considerations  and  from  what  has  before  been  written. 

The  most  remarkable  thing  in  this  method  is,  that  we  need 
no  algebraical  substitutions  :  we  are  never  conscious  of  their 
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existence.        It  turns  ont^  that  the   ingemous  and  learned 
efforts  of  the  French  and  Italian  mathematicians  to  conquer 
this  theory  toy  algebra,  with  its  formidable  army  of  congru- 
ences  and  imaginaries^  have  been  from  the  beginning  one 
brilliant  error.     The  problem  is  tactical,  and  the  solution  is 
tactical.     I  have  ftom  the  first  suspected  this,  from  the  fact, 
that  so  very  few  substitutions  have    been  shewn    to    be 
expressible    by    algebraic    formulae,    without    a    crowd    of 
imaginaries,  and  that,  with  these  few,  operation  and  compu- 
tation are    possible    only    at    the  cost  of  a  most  irksome 
complexity.     My  tactical  methods  handle  at  once  the  nuite- 
rals  (taken  for  the  elements)  which  this  vast  algebra  vainly 
attempts  to  symbolise,  and  all  equivalent  substitutions  and 
groups,  whatever  the  number  of  elements  may  be,  are  alike 
under  control.    And,  what  is  the  most  important  thing,  the 
groups  so  constructed  are  exactly  the  many-valued  functions 
desired.     Having  your  group  on  the  page,  you  have,  in  three 
more  seconds,  in  its  most  simple  and  useful  form  for  com- 
parison or  for  all  computations,  one  of  the  explicit  functions 
required.     You  write  a  single  line  of  exponents  over  unity, 
attributing  the  same  exponent  to  every  element  in  the  same 
vertical  row,  and  your  function  is  before  you  on  the  paper. 
If  you  choose  your  exponents  properly,  you  have  the  simplest 
possible  function  which  has  the  required  number  of  valttes. 
AH  tins  I  have  already  shewn,  in  the  tenth  section  of  that 
Memoir  which  was  consigned  to  oblivion  at  Paris  in  1860; 
and  it  has  been  nowhere  else  shewn. 

I  beUeve  that  no  transitive  groups  exist  for  values  of 
n^  11,  which  are  not  found  in  the  following  tables.  If  any 
have  escaped  me,  it  is  the  fault,  not  of  my  method,  but  of  my 
carelessness ;  and  I  hope  that  allowance  will  be  made  for  the 
extent  and  difficulty  of  the  negative  which  has  to  be  proved. 
The  tactical  construction  of  all  these  groups  is  given  in  the 
Memoir  here  presented. 
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Titles  of  transitive  groups  made  with  fewer  than  eleven 
elements,  with  the  numbers  of  their  equivalents.  (Vide 
Art.  II.) 


31=1+23,  Q=l;    3-2=1+23+321,  Q=l. 

41=1+24+12,,       Q=3;    4-2=l+24+32a+22p  Q=3; 
43=1 +831+32,,     Q=l;    4-6=l+83i+32,+64+62pQ=l. 

51=1+45,  Q=6;    5-2=1+45+52.1+1%'  ^=^ 

5-4=1+45+52,1+1041,  Q=® 

5-4-3=1+245+20315+15221^  Q=i 

5-4-3-2-l=l+245+203p+162ai+304i+102i,+2032  Q=l. 

6-1=1+232+123+26,  Q=6<>J 

6-l=l+232+32„  Q=2^5 

6.2=1 +23,+32,i,+42.+2g,  Q-60; 

6-3=l+43,+43i,+32,+6g,  Q=20; 

6-4=1+92,12+642+83*  Q-1^' 

6-4=l+83,+32,i,+8g+32i,+  l2.,  Q=1^J 

6-3-2=l+1842+43,+43i,+92,i,^  Q=16; 

6-3-2  =l+432+922i2+43i.+62»+126,  Q=10; 

6-4-2=l+83,+642+92,i,+132»+32i.+8g,  Q=15; 

6-5-2=l+203,+24gi+152,p  Q=6; 
6'4-3=l+43,+1842+43i,+92,i,+1232i+621«+126 

+62.,  Q=l^' 
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6-5-4=l  +  2O3.  +  245J  +  162,j.  +  3O4J,  +  lOg,  +  20g,  Q=6; 
6-5-4-3  =  1  +  1445J  +  452,j,  +  90^2  +  4O3,  +  4O3  j„  Q=l ; 
6-5-4-3-2  =  1  +  1445  J  +  ^^iPV  +  9O42  +  ^03«  +  ^%V  "^  9O41, 

+  I2O321  +  153,  +  ISgj,  +  120g,  Q=l. 

71  =  l  +  6y,  Q=120;        7-2  =  1  +  67  +  72,^  0=120: 

7-3=1 +6y  +  143,j,  Q_120 

7-6  =  l+6y+143,j  + 73.1 +  14gj,  Q=120 

7-6-4  =  1  +  487  +  563,^  +  42^21  +  2I2.P  Q=30; 
7-6-5-4-3  =  1  +  720,  +  5O45J,  +  ^^^m  "^  ^^31*  +  ^SO^j 

+  1052,p  +  21032,.  Q=l. 
7-6-5-4-3-2  =  1  +  720y  +  5045J.  +  630^21  +  703j,  +  2803,^ 
+  1052,p  +  21O32,  +  840g  J  +  504^2  +  420^3  + 

42O321.  +  ^^hn + 2I2P + 2io^j„  Q=i. 


81  =  l  +  I  +  4g  +  24.+  l2^  Q  =  1260; 

81  =  1  +  2^  +  62^  Q  =  630 

8-1  =  1 +  64,+ 12^  Q  =  210; 

8-l  =  l  +  4^,  +  32*  Q  =  630; 

8-1  =  1  +  724  Q  =  30. 

8-2  =  1  +  8^  +  624  +  22,14,  Q  =  630 

8-2  =  1 +4^. +  22,14+ 134  + 8g,  Q  =  630 

8-2  =  1  +  4^,  + 924  +  22,14,  q  =  316 

8-2  =  l  +  2^,  +  624  +  4g  +  42,p  Q  =  1260 

8-2  =  l  +  6^,+  l24  +  4g  +  42,i^,  Q  =  1260 
8-3  =  l+83,i,+8g3  +  6^,  +  l24,  q,840. 

8-3  =  1  +  852  +  83,1,  + 734,  Q»840. 
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8-4  =  l+12^.+924+842ia+22.i4,  Q=316 

8-4  =  l+8^,+62,+22.i«+8g+42,j,+4^j,  Q  =  630 

8-4=1+ 20^,+ 62,14+  62^  Q  =  630 

8-4  =  11+ 12^,+ 132.+ 62.1,,  Q  =  105 

8-6  =  l+8g2+«4.+83.i»+l2i+128+122jp  Q  =  840 

8-e  =  1  +8g2+124,+83,i,+1324 +62,14,  Q  =  840 

8-8  =  1  +124,+1824 +62,14  +2442.+4231.+  42p,  Q  - 105 

8-8  =  l+12^.+62,14+%+l242.+88+82.i.+*4i4,  Q  =  630 

8-8  =  l+204,+62,i4+624+168+842i+42«+*21"  Q  =  ^^° 

8-8  =  l+284.+  172.+842i  +102,i4,  Q  =  315 

8-7  =  1+48^1+724.  Q-240 

8-4-3  =  l+124,+62,i4+l324+323,i,+32g2  Q  =  106 

8-4-2^2- I+284.+  I724+8421.+  IO2.14+I68+2842, 

+122.i.+421«+*41*'  Q  =  31« 

8-7-3  =  1+48^1+663,1,+ 724+66g2,  Q  =  240 

8-7-5- l+48yi+663,i,+42^.+3l24.  Q=120 

8-6-4  =  l+124,+62,i4+132.+323,i,+32g2+421«+ 

%«+323.2+326i.+2442.,  Q  =  105; 

8-6-4  =  l+604,+32g2+323,i,+2442i,+2624+ 183,1.  ^  =  ^^^'' 

8'6-3-2  =  l+364,+2l24+96g2+643,i,+4832,i+163i. 

+62,1*  ,  Q  =  35; 

8-7-6  =  l+48yi+563,i,+2l24+424,+848+66gi, 

+282,1,,  Q=120; 

8-6-4-2  =  l+604,+32g2+323.i,+2442i,+ 2624+182,14 

+42P+^261'+^Vl'+^23'2+2*42«+*^8'  Q^^^^' 
8-6-4-3  =  l+96g2+2164,+2l24+4832,i+7242i,+ 

643,1,+ 163i,+422,i4,  Q  =  ^^' 
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Q=35; 


Q=30; 


8-6-4-3-2  =  l+96g2+216^,+2l24+4832,i+72^21«+ 
643.j,+  163p+422,i4+1448+96gj..+  10842.+ 

^2431  +  ^Sl'+^^321«+ 12414+ 1221* 
8-7-6-4  =  l+3847j+224g2+2524,  +  4924+2243,^,+ 

16842i«+*22,i4, 
8-7-6-5-4-3  =  1  +  5760yj  +  3360^2  +  1260^,  +  IO624  + 

11203,j,+2520^21«+ 2102«1«+ 2*®^53  +  l***51» 

+  1123j.+168032,i,  0=1; 

8-7-6-5-4-3-2  =  8-7-6-5-4-3+3360gi,+1260^2»+403252i 

+  420^j4+4202,i,+112032i,+11203,2 +50408  + 

283^4+3660341,  Q=l. 


91  =  1+63+23,, 

91  =  1+83,, 

9-2  =  l+83,+924i, 

9-2=l+83.+6g3+32,i„ 

9-2=l+6g+23,+924i, 

9-3=l  +  18g  +  23,+63,j„ 

9-3=l+203,+63,i„ 

9-4=l+83,+  924i  +  12g3+62,i„ 

9*  =  l+83»+1^4n+Vl' 

9-6  =  1  +18a+23.+63,i.+924i  +18g2i, 


0=6720; 
0=840; 
0=840; 
0=2520; 
0=6720; 
0=±2240; 
Q=840j 
0=10080; 
0=2520; 
0=2240; 
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9-6  =  l+iag3+»2»i«+*3»P+^^S"  0*1680 

9-8  =  l+83,+184,i +9^,1 +368^.  Q=x2520 

9-8  =  1  +54^,j  +93,1  +83U  Q=:2620 

»-9  =  l+369+263,+123,j,+63j„  Q=1120 

9-8-2  =  1  +36gj  +24g3  +  54^,j  ^egj+ggq  +'^^tit,  Q=2520 

9-6-3  =  l+36g+263,+123,l,+63j,+2724i +64^21  Q=1120 

9-6-3  =  1  +36g  +  263,+  l?8.is+63i.  +  ISep^-Vl'"** 

64  Q=1120; 

'**63' 

9-6-3-2  =  l-Ha69  +  26g,+123,j,+63j,  +  272«i+5402i 

+  108g3+362,j,  +  18gj„  Q=1120; 

9-6-3-2  =?  1  +1449+263,+54g2j  +272*1 +123,i,4'63j, 

+  6432n..  *i=280/ 

9-6.4  =  1  +563,+72g2i  +54^,1  +92*1  +243,^,  Q=840; 

«-8-6  =  i  +563,+72g2i  +54^.1  +92*1  +243,i,+108gi 

Hh362,p72g3,  0=840; 

9^f  pX+168j)+216^i,+563,+632«p  0*=340; 

©!ft-4'»- 1  +1449  +263,+54g2i  +272*1  "^-^I'+^Sl* 

+i>432,p  +  216g8  +  363.21  +  272,1,  +  Siggi.  + 

»-64'3  =  1  +  144g  +  803,+ 108432+108^21 +M2'1  + 

6432.ia+123,i3+54421»+2^2n+^31«  ^"^^' 

9-6-4-3-2  =  l+144g+803,+10&432 +542*1 +W32»i»+ 

•1<»621 +*23n'+^^421'+272*l +«31'+288e8+ 
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3632»+l«2^2n +*^3»21  ■^•*6l»+ *^l»+ *^21< 

9  «-7-3  - 1  +  5049  +  663,+ 216yj,+ 604g2j  +  eSgij  + 

1683,^,,  .<^340; 

>«-T-6-6'4-3  =  l+403209+55»30yp+80240g2i+22403, 

+7W0421'+*^^3n»+^^®31«+^*^yi+^^^^432 
+  S024g^4  +  907252,  +  75.6032,1,  +  24192531  + 

113404,1+3782,1,,  .<3=;?1; 

9-8-7-6-6-4-3-2  =  9-8-7-6-5-4-3  +  lOOSOgj,  +  HMO^g^i  + 

18144g2i,+7564i.-H2602,i,+252032i4+100803,2i 

+45360gi+362i,+1512.0^31,+3016P^+35920y2 

+1814454+28203,3,  Q-1. 


10-lrsl +4,0+4^+1 


10-1=1 +45,+52., 

10-2=l+4iQ+4g^+«2i+52«l». 

10-4=1 +45.+104,2+104,i,+52«i,+62,+4i^ 

lO.-5=l+165,+20n)+52,+85i., 
10-6=1  +24g,+203,i  +^''2«1" 
10'8=1  +64g,+102,i.+624i.. 
10-6-2=l+«4g,+152.i,+3Q3,l  +24io+?0g3i  +102,i. 

+«3„  Q=80240; 


Q=fi0720; 
Q^18144; 
Q;=90720; 
Q=»0720j 
Q=18144j 
0=80240; 
Qe=«670; 
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10-6-2=l  +  Wgg  +  203,^4  +  ISg^i,  +  aOgg,  +  34j(j + 

•'  i«2„  Q=16120; 

10-8-2=l  +64g,+  6241,+  102,1,+  64^)+  621,+  102,ii 

+V  <^=^«7<'' 

10-8-2=l+ 6455+40^2'+  ^*^2»1«+  ^Vl'  "^  2*^4n"       ^=^670; 
10-5-4=l+165,+  4052,i+252*i»+85i.+102n'+^^4*2 

+  IO2.+4O10.  Q=18144; 

10-8-3=l+245.+203,2,+203,i4+1624i2+102,i.+304,i, 

+  24iQ+40g2,+262,+30^,2'  Q=16120; 

10-8-4=l+20^,l,+2524i,+102,i.+64g,+40^2'+*<^42n' 

+  102,i4+621«+«*10+204.2+2l2»'  Q=5670; 

10-8-4=l  +  645,  +  80g2  +  40^2»  +  ^^i*V  *  ^hv  "^  ^*^2'1" 

Q=6670; 
10-8-5=l  +  16g,  +  100^.1.  +  25241,  +  8^1,  +  lOgji,  +  40g2,i 

+ 100^.2 +  80i()  +  202„  Q=4536; 

10-8-6=l  +  16g,  +  200g2  +  40g2,i  +  102,i,  +  lOO^.i,  +  8gi, 

+  26241,.  Q=*636; 

l0-8-4-2i=l  +  80g2  +  64g,  +  40^2»  + 1^^4*1'  "*"  ^hn*  '^  ^^2'1« 

+  2I2.  +  80gi,  +  64nj  +  40^2«l«  + 1004«2  +  ^^2»1*  ^  hi' 

Q=6670; 
10-9-8=l  +  180g2  + 1445,  +  27O4.1,  +  46241.  +  SOg.i,       Q=2«20; 

10-8-5-2=l  + 165,  +  200g2  +  40g2,i  +  lOg.^  +  lOO^,^  +  8gi« 
+  26241.  +  »OiQ  +  2O2.  +  20^1,  +  100^2n»  *  ®*^541  * 
-100^,2,  Q=4636j 
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10'8-6-2=5l  +  S84jj,  +  SOyj,  +  ISO^gi;:*-  80^^  ±  lOg^,  + 

M^,j,  +  6524j,+  160g2j,,  Q=i945; 

10-9-8-2=;l  +  18Dg2  +  r44g,  +  270^,j,  +  iSgn*'^  ®Vl  "^ 

302,p  +  180gj,  -  144jQ  +  90^,2  +  240^3^  +  36^,,     Q=2620j 

10-8-6-4=l  +  240g2  +  320g^  +  384g,  +  803,2,  ^  ^**^42»  * 
300^,j,  +  160g2i,  +  803,^.  +  60^21*  +  ^^hv^ 
SOg,^,,  Q=945; 

10-8 -6 -4=1  +  384g,  + 12042'  +  ®®3'2'  "^  ^Vl»  "*■  ^^2*1*  "^ 
160g2i.  +  803.^,  +  lOg,!.  +  384j(>  +  603^,2  +  eig. 

+  1603,21.  *  ^2^42'1'  "^  ^^2'1*  +  ^^61*  "^  ^21"    Q=^*^; 
10-8-6-4-2=l  +  240g2  +  320^^  +  384^,  +  803,2,  "^  ^*^42» 

*  300^,1,  +  160g2i.  +  302,1,  *  ®^3n«  "^  ^^421*  "^ 
125241.  +  384nj  +  3203,4  +  24O4.2  +  leOgg,  + 

8I2,  +  1603,21, +  12042.1,  +  ^•^81'  -^  ^*^61«  ■*■ 

1802,1. +  621,,  Q=945; 

10-8-6-6-3=l  +  676g,  +  720g2,i  +  ^^O^p*  225241,  + 

60032,1,  +  4003,i«  +  302,1,  "^  *®51'  *  *^31'  "^  ^^^^10 

+  600g2,+  1202„  Q=126; 

10-8-«-5-8-2=l  +  3600g2  +  2400^^  +  I2OO42,  +  4003,2, 
+  6765,  +.7205^  +  I2OO4321  +  960g3i,  + 

100O32.1,  -*-  ^^hv  *  ^^hn*  *  *^3n«  *  ^^^421* 

•••485i,  +  130j,i,  +  403i„  Q=:126; 
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10-8-6<fi-3-2?sl  +  W6gr^*00g^y  +  ^SOggjj.  +  jiaOO^jj| 
+  96O53J,  +  4003,j«  +  lOOOggfp  +  2262.J,  + 

2880jQ  +  2r00^,2  +  ^^^632  ■*■  ^*^^62'  "^  ^*^2*        Q=126 ; 
10-8-6-6-4-33=l  +  3600g2  +  2400g^  +  1200^2»  +  *^^3«2« 
+  5765,  +  72052,1.  +  1200^321  +  ^^hzV  + 

100032,13 + 2262.1,  +^°*^4n«  +^<^^3n«  ■*■  ^^**42i' 

48515  +  1302,1.  ^  *^31'  ■*■  ^^41"  "^  ^^21'  * 
I44O54I  +  480g2i.  +  12003^1.  +  900^2n«  + 

8003,31,  +  ^'^^32'1  "^  ^^*^2»1«  ^  ^^^4'2  "^ 

288O1Q  +  96O532  +  600g2t  +  12026  +  44032p  Q=126; 

10-9S-7-6^-4-3=l  +  226800g2  +  161200g^  +  72576g,  + 

18900^  +  252063,2,  ■*■  ^'^2800^3  +  403200^1  + 

224003,1  +  151200^321  +  ^073052.1  +  86400^1, 

+  161500g2i,  +  4725241,  +  120960g3i,  +  56700^,i, 

,  +  252OO3™,  +  18900^21*  +  ^*^iV  "^  ^*^3«1* 
+  6048gi,  +  6302,1.,  Q=l; 

10-9-8-7-6'8f>4-3-2=W-9-8-7-6-8'4-3  +  SSSOOgn  +  56T00^2»1« 
+  60480g2i.  +  1260^1,  +  31502,i«  +  304O321,  + 

604003,21,  +  aaesoogi, + 4»2i« + ^04003^1,  *• 

20160t>g3i  +  269200^21  +  l&UiV^^-^  +  262002,31 

+  86a8«Oio  +  76600g2,  +  1209«0532  +  6«700^,2 

+  60400^,  +  946g„  Q=l. 
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This  theory  of  many-valued  fandtiona)  or  what  i§  eMtStVy 
the  same  thing,  this  theory  of  groups,  is,  after  all,  though 
perplexing  enough  at  first  sight,  merely  a  trifle  compared 
with  the  theory  of  the  polyedra,  the  subject  of  competition 
for  the  grand  prize  of  the  Academy  for  the  years  1861,  1863, 
1864,  &c.  This  was  also  proposed  early  in  1858  thus : 
Perfectiarmer  en  qudque  point  important  la  thiariegiomitrique 
des  poUfkdres*  The  null  results  of  the  competitions  of  1861 
and  1863  may  he  read  in  the  Comptes  Rendus.  Although  I 
haye  had  the  honour  to  present  to  the  Koyal  Society  a 
complete  discussion  of  this  vast  theory  (which  was  first 
written  in  French,  and  intended  for  the  contest  of  1861),  and 
which  has  already  so  far  appeared  in  their  Proceedii^s  and 
in  the  Philosophical  Transactions  as  to  secure  my  humble 
claims,  it  is  a  fortunate  thing  for  the  competitors  for  the 
medal  of  1861,  that  the  most  difficult  part  of  the  investi- 
gation has  yet  to  be  brought  to  light.  As  it  is  not  a  subject 
that  many  persons  are  anxious  to  read,  I  hope  that  the  Royal 
Society  will  be  in  no  hurry  to  anticipate  the  efforts  of  our 
French  friends,  and  thus  to  spoil  the  interest  of  their  contests* 

.The  remarks  of  (he  distingiushed  Rapporteur  {Comptes 
BenduSj  Mars,  1861)  on  the  competition  of  1860,  brief  as 
they  are,  are  to  me  the  most  tempting  subject  in  the  world 
for  criticismj  chiefly  in  their  reference  to  the  efforts  of  my  two 
learned  competitors.  But,  even  if  this  were  the  place  for 
such  criticism,  my  sincere  respect  for  the  illustrious  Academy, 
in  whose  name  and  authority  those  remarks  are  permitted  to 
appear,  would  command  me  to  forbear.  Some  will  of  course 
suspect  that  I  have  said  too  much  already:  many  know  full 
well  how  much  I  have  refrained  from  saying.  One  siecurity 
I  have ;  that  no  man,  who  can  form  the  dimmest  conception 
of  what  I  have  had  the  honour  to  do,  will  cry  out  S/tx^aicic 
ilou  The  mere  proposal  of  these  two  prize-questions  has 
been  to  me  a  piece  of  rare  good  fortune.  And  I  am  more 
than  content  with  the  undivided  glory,  whatever  that  may  be^ 
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of  having  thoroughly  discussed,  by  methods  which  owe  in 
one  case  little  and  in  the  other  nothing  to  previous  writers, 
the  whole  of  those  two  extensive  theories,  on  each  of  which 
the  Academy,  in  its  proposals  of  1858,  desired  to  obtain 
partial  information. 


Cboft  Bbctobt,  NSAB  WABBINaTOy, 
Juhf  1,  1868. 


P.S. — It  is  necessary  to  add,  in  reference  to  Mr.  Ekman*s 
letter  named  at  page  133,  that  while  these  pages  were 
passing  through  the  press,  that  gentleman  has  been  cour- 
teously informed  of  the  decision  of  the  Committee  {tide 
p.  134),  to  the  effect  that,  as  the  competition  on  the  prize 
question  of  1860  has  been  closed,  the  Academy  cannot 
award  any  medal  for  any  further  discussion  of  this  subject, 
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Ordinary  Meetings  October  6th^  1863. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  President,  in  tl^e  Chair. 

Mr.  Baetholombw  Strbttoh  was  elected  an  Ordinary 
Member  of  the  Society. 

R.  B.  Clifton,  M.A.,  F.R.A.S.,  Professor  of  Natural 
Philosophy,  Owens  College,  was  elected  a  member  of  the 
Council. 

Mr.  PlATT  exhibited  some  fine  specimens  of  rock  salt,  from 
a  boring  at  Middlesborough.  The  following  are  records  of  the 
results  of  this  and  two  other  borings,  executed  by  Messrs. 
Mather  and  Piatt. 

Middlesborough  bore  hole,  exe^nited  for  Messrs.  Bolckaw 
and  Yaugfaan;  commenced  Jannatry  ith,  186s. 

Well,  180  feet  deep,  consisting  of  made  ground, 

river  mud,  sand,  red  marl,  red  sandstone,  with  peet  in, 

occasional  nodules  of  gypsum,  to  a  depth  of. . . ,  127  0 

Fibrous  gypsum   •  6  0 

Brown  shale     , 1  0 

Bed  sandstone 12  0 

Blue  post  stone •••  8  0 

Bed  sandstone 81  0 

Total  of  well    180    0 

Afler  commencing  to  bore  they  went  through  a 
pretty  homogeneous  bed  of  red  sandstone^  occa* 
siondly  varied  with  white  or  yellow  veins  and 

thin  beds  of  red  marl,  to  a  depth  of  .••.«. 588    4 

Bed  marl 19    0 

Bed  sandstone,  with  occasional  beds  of  red  marl  ..«  234:    8 

Bed  sandstone,  with  nodules  of  gypsum    63     0 

Fine  red  sandstone  and  marl •-  10    0 

Ditto                   ditto 97    0 

PmocixDiKM<-LiT.  ft  Phil.  Sooutt— Ko.  8.<— Ssmioh,  1868-64. 
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Faet.     Itt. 

Light  brown  gypsum  • 5  8 

White  ditto     mixed  with  red  saudstoue  and 

limeston^e  f.«..  6  10 

Blue  rock^  blue  clay,  red  sandstone^  and  white  stone  11  6 
Rock  saltj  with  occasional  small  portions  of  rock 

like  limestone  «.... *..  106  4 

Total  depth    1312    4 

Bore  hole  at  Vale  Dye  Works,  Bradford,  in  the  lower  part 
of  the  Yorkshire  Coal  Field,  made  for  Messrs.  Oates,  Ingham, 
and  Sobs;  commenced  July  28th,  1862. 

Well,  56  feet  deep. 

feet    la. 

SoU 6  0 

Clay    2  6 

Grravel     12  6 

Gravel  and  clay. ««• #««•«•« S  ^ 

Riverbed    .«< « « .....w  U  6 

Black  shale     * 20  0 

Bottom  of  sinking •••••  55  0 

Bore  hole. 

Black  shale     21  0 

Hard  rag  stone 3  0 

.  Stone  shale     .., ..* 12  0 

Close  shale     •••. « 13  0 

Dark  shale 27  0 

Coal 0  3 

Soft  white  stone 8  0 

Hard  grey  stone 22  0 

Hard  white  do 5  0 

Coal  band  .....^ ^... 0  3 

Hard  white  stone 8  0 

Hard  dark  rag    • 24  0 

Fine  grain  slaty  rock 15  0 

Coal 1  8 

Fnre  clay »...#......  5  0 
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Dark  shale 82  0 

Blue  shale  with  fossil  shells      11  0 

Shale  3  0 

Coal  band 0  8 

Shale 3  0 

Dark  rag 26  0 

Dark  shale .f  44  2 

Millstone  grit r..**...* 8  0 


Total   348     0 

The  third  bore  hole  was  at  Wirrall,  near  Birkei^eadj 
commenced  March  8th,  1861.  The  well  in  which  this  bore 
hole  was  made  is  23  feet  deep,  a  portion  being  in  the  red 
stone  (Trias).  From  the  bottom  of  the  well  the  boring 
was: — 

9eet.   In. 

Bed  sandstone   ...««..,.«..« , 32  0 

Bed  and  white  sandfitonQ  ,,,«,,,*,...., ••o*.«.  14  0 

Close  grained  red  j^and^tone  with  quartz  pebbles  3  6 

Bed  and  white  sandstone •  10  6 

White  rock  with  bands  of  brown  hard  substance 

like  iron  cement .«  14  0 

Bed  sandstone    .•«••..•••• 51  0 

Bed  sandstone,  very  fine    < • ••••.^  73  0 

Bed  sandstone^  finer  still  •« •• ••  8  0 

Bed  and  white  sandstone^  coarser  and  softer  ...  41  0 

Coarse  soft  red  sandstone «••«« 2  0 

Bed  and  white  marly  clay..*  •••«...* e..**  0  6 

Soft  red  sandstone •*•«.••*»•»•••  11  6 

Bed  sandstone ..« 13  0 

Ditto 90  0 

Coarse  soft  red  sandstone  •••••«•• • 0  4 

Total 364    4 

Dr.  Clat  presented  a  fine  specimen  of  granular  magnetic 
oxide  of  iron^  from  the  district  '^  Taranaki/'  in  New  Zealand^ 
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where  it  exists  in  large  quantities^  lying  in  seams  of  con- 
siderable thickness  near  the  snrface,  atid  exposed  in  the 
blirffs 'lining  the  Water  conrses.  It  is  so  pure  that  out  of 
1,600  grains,  five  or  six  grains  only  were  left  unattracted  by 
the  magnet,  and  those  fine  sihca.  Its  appearance  at  first 
sight  is  similar  tg  the  finest  Dartford  gunpowder.  It  has 
been  used  Hmitedly  in  this  country  by  M.  Bessemer,  in  his 
6teel  process,  and  others. 

The  Rev*  W.  N.  Molkswosth  dxew  attention  to  tbf 
earthquake  which  occurred  that  morning. 

Mr.  Dteb^  also,  and  other  members,  gave  an  account  of 
the  phenomenon  as  experienced  by  themselves. 

Mr«  B.D.  Dabbhshirb,  referring  to  observations  made  last 

spring,  mentioned    the    remarkable    multiplicity  of  coins 

current  in  Gibraltar,  where  silver  money  of  many  countries 

appears  to  circulate  freely  at  ascertained  values,  and  copper 

money  in  still  greater  varieties,  to  be  used  indiscriminately, 

subject  only   to  a  rude    valuation  according   to  size   and  ; 

weight. 

,  In  remarkable  contrast  with  the  British  system,  under 

which  nearly  the  whole  copper  coinage  has  been  recalled  and 

replaced  within  the  last  five  years,  and  a  gold  or  silver  coin 

fifty  years  <dd  would  scarcely  pass,  Mr.  Darbishire  noticed 

the  fact  that  the  current  money  of  Spain,  as  observed  in 
several  of  the  cities  of  Andalusia,  Granada,   and  Valencia 

at  this  day,  includes  gold  from  the  middle  and  silver  from 
the  earliest  years  of  the  eighteenth  century,  and  copper  from 
(at  least)  the  year  1601. 

Referring  to  the  copper  currency,  he  mentioned  the  intro- 
duction, about  1848,  of  new  pieces  to  represent  decimal  parts 
of  the  Real,  and  the  ineffectual  character  of  the  measure 
owing  to  the  small  quantity  of  these  new  coins  put  into 
circulation.  Practically  they  are  suppressed  amidst  copper 
money  of  two  centuries  and  a  half. 
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As  illustxating  other  peculiarities  of  the  copper  currency^ 
Mn  Darhishire  stated  that  he  had  collected  in  small  d^ange 
bom  petty  tradesmen^  peasants^  and  market  people  in  Seville 
and  Granada,  many  rude  pieces  of  money,  apparently  of  pro- 
vincial mints  or  the  earliest  dates  of  (if  not  anterior  to)  the 
monarchy.  In  Malaga^  especially,  he  had  taken  not  only  the 
like  old  Spanish  money,  hut  a  number  of  coins  of  the  Arabs 
in  Spain  (including  silver,  tin,  and  copper  pieces),  and  also  a 
large  number  of  still  more  ancient  types, — ^Roman  and  ante- 
Roman.  These  coins,  no  doubt,  had  from  time  to  time  been 
found  in  the  fields  or  ruins,  and  thus  again  put  into  circula- 
tion. Being  mosdy  small^  he  had  taken  them  as  ochavos 
(half-farthings).  He  had  brought  home  above  sixty  selected 
coins,  of  dates  from  Julius  Caesar  to  Honorius,  several  of 
which  were  of  peculiar  rarity  and  interest,  and  ten  autono- 
mous coins  of  even  greater  antiquity.  The  latter  were  the 
subject  of  a  Report : 

'^  On  ten  ancient  Spanish  coins  taken  in  cliange  at 
Malaga/'  by  John  Harland,  Esq.,  P.S  A. 

I.  a.  Two  coins  of  Malaca  (Malaga)  of  the  same  type, 
from  different  dies. 

Obv.  Head  with  a  square   topped  cap  to  the  right; 
behind  forceps,  and  in  the  left  margin  portions  of 
Phoenician  characters  M.L.C.A. 
Rev.  No  legend ;  a  star  of  eight  points  within  a  garland 
of  laurel. 
L  5.  A  coin  referred  with  doubt  to  the  same  mint. 

Obv.  A  bearded  head  to  the  right,  with  conical  cap ; 

behind  forceps. 
Rev.  No  legend ;  a  large  sun  with  eleven  long  rays  and 
a  human  face. 
EL  One  coin  of  Ohtdco  (Porcuna),  apparently  of  the  local 
mint,  in  alliance  with  Edeta  and  Seetabis. 

Obv.  Large  female  head  to  the  right.    "  Obulco.** 
Rev.  Legend  in  two  lines  '^L.  Aimil.    M.  Juni.    Aid.'' 
Above  a  plough,  below  an  ear  of  com. 
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III.  Two  coins  of  Acinipo  (Ronda  la  vieja). 
Obv,  A  bunch  of  grapes,  between  two  stars. 

Bqv.  "Acinipo,"  between  two  ears  of  oorn.  Onecoim 
has  only  one  star  and  the  legend  "  Acinio." 

IV.  One  coin  of  Carteta  (Tartessus). 

Obv.  Very  large  head  to  the  ri^  with  fillet  and  a  well 

jnarked  profile  outliqe. 
Rev.  ''C.  Vib.  Aid.  (Cart . .  .?)"  and  a  Dolphin. 

V.  One  Coin  of  Caslulo  (Cazlona)  probably  minted  before 
the  Roman  conquest. 

Obv.  Laureated  or  fiUeted  head  to  the  rights  with  up- 
raised hand  in  front  of  the  mouth. 

Rev«  Bonneted  Sphinx  with  head  thrown  back  aad  a 
spine  on  the  crown^  walking  to  the  right  with  one 
foreleg  raised  high. 

VI.  Two  small  coins  much  corroded^ 

ProfessoT  Christie  explained  the  occurrence  of  cqins  so 
ancient^  by  the  absence  in  Spain  of  the  large  class  of  small 
collectors^  which  in  England  and  countries  usually  frequented 
by  English  has  put  a  premium  on  such  specimens,  and  thus 
causes  their  rapid  absoiption  when  a  find  takes  place.  He 
had  not  noticed  a  similar  occurrence  in  the  North  of  Spain. 

Mr.  Hurst  mentioned  other  particulars  as  to  the  variegated 
coinage  in  use  at  Gibraltar,  and  the  ahnost  total  refuoyal 
from  the  Spanish  currency  of  the  old  silver  dollar  with 
twisted  pillars,  which  he  explained  in  connection  with  the 
remarkable  demand  for  that  coin  by  the  Chinese,  who  pay 
for  it  a  premium  of  25  to  40  per  cent  on  its  money  value 
in  Europe. 

Mr.  Darbishibb  exhibited  a  tablet  of  modern  standard 
Spanish  coins  (a  decimal  series),  and  of  the  present  money  of 
Morocco ;  the  latter  singularly  rude,  and  much  inferior  to 
that  of  the  Spanish  Arabs, 
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Since  the  meeting  the  following  letter,  by  Professor  W. 
ThoTtttori,  LL.D:,  T.R.S*.,  Hoiiorai'y  Member  of  the  Society, 
has  been  committiicatsed  by  Profej^sot  Tait  :  -^ 

Kilmichael  Brodick, 

Isie  of  i&ran,  Oct.  10, 1868. 
My  Dear  IVdt, 

Teeterrday  evenitig,  when  engaged  in  measuring  the 
electrostatic  capacities  of  some  specimens  of  insulated  wire 
designed  for  submaiine  telegraph  cables,  I  had  occasion 
frequently  to  dischaige,  through  a  galvanometer  coil,  a  con- 
denser edasisting  of  two  parallel  plates  of  metal,  separated 
by  a  space  of  air  about  '007  inch  across,  and  charged 
to  a  difference  of  potentials  equal  to  that  of  about  800 
Darnell's  elements.  I  remarked  at  an  instant  of  discharge 
a-sharp  sound,  with  a  very  slight  prolonged  resonance,  which 
seemed  to  come  fitrni  the  interior  of  the  case  containing  the 
condenser,  and  which  struck  me  as  resembling  a  sound  I 
had  repeatedly  heard  before  when  the  condenser  had  been 
OTercharged  ^uid  a  spari^  passed  across  its  air-space.  But 
I  ascertained  that  this  sound  was  distinctly  audible  when 
Uiere  was  no  s^mrk  if^ithin  the  condenser,  and  the  whole 
discharge  todk  place  fkirly  through  the  2,000  yards  of  fine 
wire,  constituting  the  galvanometer  coil.  I  arranged  the 
circuit  so  that  the  place  where  the  contact  was  made  to 
produce  the  discharge  Was  so  far  from  my  ear  that  the 
initiating  spark  was  inaudible,*  but  still  I  heard  distinctly 
the  same  sound  as  before  from  within  the  condenser. 

Using  instead  of  the  galvanometer  coil  either  a  shoii  wire 
or  my  own  body  (as  in  taking  a  shock  from  a  Leyden  phial), 
I  still  heard  the  sound  within  the  condenser.  The  shock 
was  imperceptible  except  by  a  very  faint  prick  on  the  finger 
in  the  place  of  the  spark,  and  (the  direct  sound  of  the 
spark  being  barely  if  at  all  sensible)  there  was  still  a  very 
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audible  sound,  always  of  the  same  characteT,  within  the 
condenser,  which  I  heard  at  the  same  instant  as  I  felt  the 
spark  on  my  finger.  Mr.  Macfarlane  could  hear  it  distinctly 
standing  at  a  distance  of  several  yards.  We  watched  for  light 
within  the  condenser,  but  could  see  none.  I  have  since 
ascertained  that  suddenly  charging  the  condenser  out  of  one 
of  the  specimens  of  cable  charged  for  the  purpose  produces 
the  same  sound  within  the  condenser;  also  that  it  is  pro- 
duced by  suddenly  reversing  the  charge  of  the  condenser. 

Thus  it  is  distinctly  proved  that  a  plate  of  air  emUs  a 
sound  on  being  suddenly  subjected  to  electric  force,  or  on 
experiencing  a  sudden  change  of  electric  force  through  it.  ♦ 
This  seems  a  most  natural  result  when  viewed  in  connection 
with  the  new  theory  put  forward  by  Faraday  in  his  series 
regarding  the  part  played  by  air  or  other  dielectric  in  mani-^ 
festations  of  electric  force.  It  also  tends  to  confirm  the 
hypothesis  I  su^ested  to  account  for  the  remarkable 
observation  made  regarding  lightning,  when  you  told  me  of 
it  about  a  year  ago,  and  other  similar  observations  which  I 
believe  have  been  reported,  proving  a  sound  to  be  heard  at 
the  instant  of  a  flash  of  lightning  in  localities  at  consider- 
able  distances  from  any  part  of  the  line  of  dischai^,  and 
which  by  some  have  been  supposed  to  demonstrate  an  error 
in  the  common  theory  of  sound.  I  may  add  that  Mr. 
Mac&rlane  tells  me  he  believes  he  has  heard,  at  the  instant 
of  a  flash  of  lightning,  a  sound  as  of  a  heavy  body  striking 
the  earth,  and  imagined  at  first  that  someihing  close  to  him 
had  been  struck,  but  heard  the  ordinary  thunder  at  a  sensible 
time  later. 

Yours  truly, 

WILLIAM  THOMSON. 
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Ordinary  Meeting,  October  20th,  1863. 
E.  W.  BiNKBY,  F.R.S.,  P.G.S.,  President,  in  theCliair. 

A  Paper  by  the  Kev.  T;  P,  Ktbkmak,  M.A.,  F.R.S.^  "On 
the  Complete  Theory  of  Groups/'  was  vead. 

The  following  cemmtmieation  was  also  made  hy  Mr. 
KruKMAN:  — 

I  obsenre  that  I  hav<e  not  accurately  expressed  my  meainng 
at  pa^  188,  aft.  YI.,  of  the  Proceedings  of  this  Session 

The  theorem,  which  can  hardly  he  neWt  ^  c^rreotly  enuii- 
ciated  thus: — 

Theorem.     If  B^  and  ipa  be  two  substitutions  of  any  otder  /?, 
and  of  the  signature  a,  in  any  group  T,  acnd  if 

H=l+e„  +  &J+.. 
contaiBS  no  group  of  powers,  A,  permutaUe  witk 

P  =  l-f0a-»-^i+  •  • 
F  being  different  irotn  H,  T  cannot  contain,  as  A^i,  fewer 
than  Bp  (2+Rp)  substitutions  having  the  signature  ai;B, 
being  the  number  of  integers,  unity  included^  which  ai^e  Jess 
than  p  and  prime  ta  it 

The  proof  is  simple*       Let  0^$  .  .  be  the  B^  principal 
substitutions  of  H.     Then  the  Z+'Rp  groups 

F,  H,  0*Fr*,  S'Fe-^  . . . 
are  aJl  difforen^t^  unless  either 

F  =  e*Fr', 
or 

o«Fa-*=a^Fe-^, 

^  and  0^  being  principal. 

PsocBiDiirM— Lrr.  &  Phil.  Sooibiy— No.  4.— Sbmion,  1868^64. 
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The  first  gives 

whence 

whatever  be  r,  i.e.  HF=FH. 

The  second  gives 

0*-/F-Fa*--^, 
whence,  if  A  be  the  group  of  powers  of  0^~^^  hF=Fh, 

When  a  group  T  contains  more  than  Rp  and  fewer  than 
Rp  (2+Rp)  substitutions  having  the  signature  a,  we  have  an 
easy  tactical  method  of  constructing  T  upon  H  or  upon  F. 

The  correction  above  made  does  not  in  the  least  degree 
affect  either  my  method  or  my  results,  in  the  solution  of  the 
Prize-question  of  the  Academy. 

In  the  list  of  titles  at  page  14S  of  the  same  abstract  there 
is  an  accidental  omission  of  the  follovsdng,  which  is  before  me 
in  my  first  manuscript  — 

6-2=1  +  32,^  +  83,,    Q  =  15. 

A  Paper  was  read  by  the  President,  entitled  *^  Further 
Observations  on  the  Carboniferous  Permian  and  Triassic 
Strata  of  Cumberland  and  Dumfries,*'  by  E.  W.  Binnet, 
F.R.S.,  F.G.S. 

When  in  1848  the  red  sandstones  of  the  neighbourhood  of 
Dumfries  first  came  under  the  Author's  observation,  in  com- 
pany with  his  friend  Professor  Harkness,  doubts  came  into 
his  mind  as  to  the  propriety  of  their  being  classed  with  the 
trias,  their  characters  and  organic  remains  clearly  indicating 
more  of  a  permian  age.*  Accordingly  an  his  first  paper 
published  on  this  subject  in  the  Society's  Memoirsf  in  1855, 
allusion  was  made  to  these  beds,  and  they  were  classed  as 

*  In  the  Qaarterly  Journal  of  the  Chological  Society  for  1861,  p.  162,  Sir 
B.  I.  Murchison  doubted  the  sandstone  of  Pumfries  being  of  triassic  age,  and 
preferred  to  class  it  with  the  permian. 

t  On  the  Permian  Beds  of  the  North- West  of  England,  voL  xii.,  p.  209,  of 
the  Society's  Memoirs. 
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permian  after  tracking  the  permian  beds  of  Lancashire 
through  the  north-western  counties  of  York,  Westmoreland, 
and  Cumberland.  His  attention  was  chiefly  directed  to  the 
red  marls,  magnesian  limestones,  conglomerate,  and  soft 
red  sandstone  strata,  those  being  the  common  Lancashire 
types ;  and  where  the  red  sandstones  of  the  neighbourhood 
of  Carlisle  and  St.  Bees  were  incidentally  mentioned,  they 
were  treated  as  upper  new  red  sandstone  or  trias,  as  Professor 
Sedgwick  has  described  them  in  his  valuable  memoir.  But  in 
his  second  communication,*  published  in  1857,  where  the 
Howrigg,  Shawk,  and  Westward  sections  are  described,  he 
came  to  the  conclusion  that  ^^the  brick  red  sandstones  of 
those  places,  with  their  underlying  red  clays,  as  well  as  the 
breccia  at  Shawk,  I  have  little  doubt  will  be  proved  to  be 
permian.  It  is  true  that  no  fossil  organic  remains  have  yet 
been  found  in  them,  with  the  exception  of  the  track  alluded 
to  in  this  paper ;  but  if  mineralogical  characters  and  geological 
superposition  are  to  be  taken  as  evidence  of  their  age,  they 
are  as  good  permian  beds  as  those  of  West  House,  Kirby 
Stephen,  and  Brough,  in  England,  and  Dumfries  and  other 
places  in  the  south-west  of  Scotland,  with  the  latter  of  which 
they  are  most  probably  connected." 

In  a  paper  published  by  Professor  Harkness  in  1862,t  that 
geologist  adopts  in  substance  this  view,  and  agrees  with  the 
Author's  opinion  of  the  Howrigg,  Shawk,  and  Westward  red 
clays  and  sandstones  being  of  permian  age,  and  describes  a 
very  beautiful  section  at  Hilton,  in  Westmoreland,  which 
strongly  confirms  it.  Of  course  it  was  not  intended  to  ques- 
tion the  triassic  age  of  the  soft  red  sandstones  of  Dalston  and 
Holmhead,  near  Carlisle,  which  are  covered  by  waterstones, 
red  marls  and  lias,  as  stated  in  the  Author's  paper  on  the 
latter  deposit.} 

•  Additional  Observations  on  the  Permian  Beda  of  the  North-West  of 
England,  vol.  xiv.,  p.  101,  of  the  Society's  Memoirs. 
t  Quarterh/  Journal  of  the  Geological  Society  for  August,  1862,  p.  205. 
X  Ihid  for  May,  1859,  p.  549. 
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The  Shawk  sandatones  are  well  seen  at  Westward  Chapel 
near  Wigton,  West  Newton,  near  Aspatria,  near  AUonhy,  and 
to  the  north  of  Maryport,  and  after  the  Mary  port,  Working- 
ton, and  Whitehaven  coalfield  is  passed,  they  appear  again 
to  the  south  on  the  coast,  in  the  magnificent  promontory  of 
St  Bees  Head,  and  continue  southward  certainly  to  Nether- 
ton,  Seascales,  Gosforth,  and  Drigg  Cross,  and  probably,  as 
Professor  Sedgwick  suggests,  into  Fumess. 

On  the  north  of  the  Solway  the  pennian  strata  on  the 
opposite  side  of  the  Vale  of  Eden  are  well  exposed  near 
Biddings  Junction,  on  the  Waverley  line  of  railway,  about 
Carwinlay,  Moat,  and  Canobie,  and  the  range  of  the  Moat 
sandstone  (the  same  age  as  that  of  Shawk)  by  Glenzier  Quarry, 
Cove,  near  Kirkpatrick  Fleming,  above  Annan,  on  to  Dum- 
fHes,  is  well  marked. 

In  addition  to  a  description*  of  several  permian  sections  at 
Penton,  Biddings,  Carwinlay  Burn,  Barrow  Mouth,  and 
Ben  How,  two  sections  were  given,  which  showed  the  occur- 
rence of  the  upper  coal  measures,  similar  to  those  described 
by  the  author  some  years  since  in  the  valley  of  the  Ayr,  near 
Catrine,  and  thus  rendering  it  extremely  probable  that  such 
coal  measures  extend  under  the  valleys  of  the  Eden  and  the 
Esk,  their  soulhem  outcrop  being  exposed  in  the  Raw  Beck, 
south  of  Dalston,  and  their  northern  outcrop  at  Canobie. 
These  carboniferous  strata  may  not  be  rich  in  coal,  but  they 
contain  the  limestone  of  Ardwick,  Leebotwood,  and  Balloch- 
moyle  Braes  (formerly  termed  a  freshwater  one),  and  show  a 
great  development  of  coal  measures,  which  are  useful  to  be 
known  if  it  be  only  to  show  the  depth  that  has  to  be  sunk 
through  before  the  middle  and  profitable  coalfields  of  White- 
haven and  Canobie  can  be  reached.  This  portion  of  the  coal 
measures  both  in  Scotland  and  the  north-west  of  England 
has  generally  been  termed  permian,  and  summarily  dismissed 
as  unprofitable  ^^red  measures/'    In  the  Author's  paper  on 
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the  BaUochmoyle  limestoiue/  it  was  shown  that  a  great  thick- 
ness of  unprofitable  coal  measures  had  to  be  traversed  before 
the  profitable  coalfield  at  Common  could  be  reached^  in  that 
district  some  550  yards. 

The  Canobie  section  exposes  far  more  coal  measures  above 
the  limestone  than  the  one  at  BaUochmoyle^  at  least  200 
yards,  and  it  shows  a  passage  of  carboniferous  into  permian 
beds^  so  far  as  the  eye  can  detect,  better  than  any  that  has 
hitherto  come  under  his  observation.  The  strata  of  these 
two  formations  in  the  bank  of  the  Tiver  above  the  bridge  at 
Canobie  from  the  fine  breccia  into  the  underlying  clays  and 
shales  are  most  difficult  if  not  impossible  to  separate  from 
the  red  shales  and  sandstones  seen  between  that  point  and 
the  bridge  there. 

The  district  about  .Canobie,  Penton,  and  Longtown,  hag 
been  described  at  length  by  Mr.  Edmund  Gibsone,  in  an 
elaborate  and  well  illustrated  memoir  printed  in  the  Trans* 
actions  of  the  North  of  England  Institute  of  Mining 
£Dgineers.t  In  the  Penton  Linns  section  that  Authoi 
describes  the  mountain  limestone  seams  of  coal,  in  the 
Penton  Bailway  section  the  millstone  grit  series,  and  in 
the  Canobie  coalfield  the  middle  series;  and  he  shows  a 
fiftult  on  the  south  of  the  latter  coalfield  which  throws  the 
coal  measures  4own  and  brings  in  the  permian  strata.  All 
the  red  measures  south  of  this  fault  Mr.  Gibsone  appears  to 
consider  permian,  and  the  fault  which  brings  them  in  he  calls 
the  Great  Permian  fault.  After  examining  these  red  measures, 
the  Author  said  he  had  come  to  the  conclusion  that  although 
a  portion  of  them  are  permian  strata,  as  Mr.  Gibsone  describes 
them  to  be,  a  great  part  of  them  are  unquestionably  upper 

•  On  »oine  Upper  Coal  Measures  contaming  a  Bed -of  Limestone,  at  Catriue 
in  Ajnhm.-^Qtiarterfy  Journal  of  the  Choloffieal  Society  for  August,  1862, 
p.  487.  / 

t  A  geological  paper  on  the  Border  Dii*t  rid  a  of  Dumfriesshire,  Cumberland, 
and  part  of  Boxbnrghshire,  including  the  coal  fonimtion  of  Canobie,  kc.^  by 
Sdmond  Qifawme,  y6L  zL,  p.  65. 
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coal  measures.  The  profitable  Canobie  coalfield^  like  that 
at  Common  ia  Ayrshire,  belongs  to  the  middle  or  valuable 
coalfield;  but  there  is  also  at  Canobie  a  great  thickness  of 
upper  coal  mieasures  containing  a  seam  of  limestone,  in  all 
respects  like  the  Ballochmoyle  Braes,  near  Catrine,  the 
Ardwick  and  Leebotwood  limestones.  Consequently,  the 
permian  fault  should  be  called  by  some  other  name,  say 
the  Great  South  fault. 

Practical  mining  engineers  have  frequently  classed  all 
the  red  and  variegated  beds  which  they  find  in  the 
upper  part  of  the  coal  measures  as  "red  measures"  or 
permian  strata.  Now,  there  is  no  doubt  often  great  diffi* 
culty  in  drawing  the  line  of  demarcation  between  the  upper 
coal  measures  and  the  permian  strata,  and  it  is  possible 
that,  in  some  sections^  one  may  pass  into  the  other,  as 
appears  to  be  the  case  in  the  river  section  above  the  bridge 
at  Canobie,  previously  alluded  to,  but  in  the  north-west  of 
England  this  transition  is  not  generally  to  be  seen.  The 
further  we  investigate  the  organic  remains  of  these  two 
formations  probably  more  genera  and  species  will  be  found 
to  be  common  to  both  than  is  at  present  supposed ;  but  in 
all  cases  where  the  remains  of  stigmaria  and  spirorbis  carlo- 
nanus  {microconchus)  have  been  found  in  the  strata  the 
Author  has  termed  them  carboniferous.  In  the  absence  of 
organic  remains,  which  is  generally  the  rule  and  not  the 
exception,  the  permian  character  of  the  strata  has  been 
decided  by  the  mechanical  character  of  the  deposits  and  the 
order  of  superposition,  the  beds  of  breccia  and  the  soft  red 
sandstone  generally  affording  pretty  good  evidence  of  the 
permian  age  of  the  strata  over  a  great  extent  of  country,  and 
varying  with  the  character  of  the  older  rocks  found  in  situ  in 
the  district.  If  the  permian  beds  are  taken  as  the  Moat  sand- 
stone, the  red  shales  with  gypsum  and  four  breccias  lying  in  soft 
red  sandstone  at  Canobie  and  Riddings,  their  identification 
is  pretty  easy;  but  in  continuing  them  downwards  into  the 
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upper  coal '  measures^  or  in  tracing  their  boundary  upwards 
into  the  trias^  there  is  greater  difficulty,  as  natural  sections 
showing  the  passage  of  one  into  the  other  are  not  often  met 
with ;  but  he  considers  the  soft  red  sandstone  of  Longtown, 
West  Linton,  Rockliffe,  and  Dalston  to  be  of  triassic  age  and 
covered  by  the  waterstones  and  red  marls  of  Carlisle,  and 
these,  in  their  turn  to  the  west,  overlaid  by  the  lias  of 
Quarry  Gill  and  Oughterby.  ^ 

The  Knotty  Holm  sandstone  and  a  similar  rock  at  Penton^ 
especially  in  their  lower  portions,  reminded  him  of  the  White- 
haven sandstone,  and  it  is  possible  that  they  may  be  of  the 
same  geological  age  as  that  rock,  but  for  the  present  he  has 
included  them  in  upper  coal  measures. 

In  the  valleys  of  the  Esk  and  Liddel  he  described  some 
interesting  permian  sections,  and  detailed  at  length  the 
particulars  of  the  strata  found  over  a  distance  of  above  twenty 
miles  from  the  upper  coal  measures  at  Canobie  to  the  same 
beds,  as  seen  in  [the  Haw  Beck,  near  Dalston,  wher  ethe 
following  strata  are  met  with,  viz.  :— 

ft       in. 

1.  Red  and  variegated  clays 13    1 

2.  Bed  of  limestone  with  apirorhis  &c 1     0 

S.  Red  clays  10    0 

4.  Purple  shales  containing  stigmaria 80    0 

5.  Soft  red  sandstone 40    0 

6.  Purple  shales 16    8 

After  tracing  the  Shawk  sandstone  by  Westward  Chapel, 
Wigton,  West  Newton,  near  Allonby,  to  Maryport,  he  passed 
over  the  West  Cumberland  coal  field,  and  followed  it  by  St. 
Bees  to  the  south  of  Cumberland,  as  far  as  Drigg  Cross. 
He  described  at  length  the  permian  strata  of  Barrow  Mouth 
and  Ben  How,  south  of  Whitehaven.  At  the  former  place 
the  beds  occurred  in  the  following  descending  order,  viz. — 
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1.  Fine-grained  red  sandstone,  laminated  and 
ripple-marked,  same  as  that  seen  at  Moat, 
Glenzier,  Cove,  Shawk,  Westward,  Mary- 
port,  and  other  places,  which  may  he  con- 
veniently termed  the  St.  Bees  sandstone,  ft.       in, 

fully 1000    0 

8.  Shaly  marls    80     0 

3.  Red  marls  containing  granular  g3rpsum 29    6 

Magnesian  limestone  of  a  cream  colour,  con- 
taining shells  of  BakeveUia  and  Schizodus,.  •     10    6 
Breccia  composed  of  pebbles  of  coal  measures, 

sandstones,  and  slate  rocks    9    0 

Red  and  purple  sandstones   110     0 

Conglomerate  sandstone  foil  of  white  quartz 
pebbles^  with  per  oxide  of  iron  and  volcanic 
ash,  containing  common  coal  plants 30    0 

The  two  last  beds  have  been  long  known  as  the  White- 
haven sandstone,  and  Professor  Sedgwick  many  years  since 
classed  them  as  lower  red  sandstone.  After  further  investiga- 
tion the  Author  is  inclined  to  endorse  this  opinion,  as  he 
cannot  find  any  difRarence  between  these  sandstones  and  his 
lower  permian  beds  of  Astley,  Bedford,  and  Moira,  near 
Ashby-deJa-Zouch.  These  singular  sandstones  lying  uncon- 
formably  to  the  breccia  above  and  the  coal  measures  under- 
neath, he  thinks  will  be  found  to  be  the  English  represen- 
tatives of  the  lower  rothliegendes  of  the  Germans. 

The  Author  showed  that  although  the  upper  coalfield  of 
Lancashire  and  the  Midland  Counties  of  England  contained 
several  workable  seams,  the  same  beds  in  Cumberland  and 
Scotland  contained  none.  On  the  other  hand,  the  mountain 
limestone  series  in  the  latter  districts  contained  numerous 
seams  of  coal,  whilst  none  were  to  be  found  in  the  former. 
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PHYSICAL  AND  MATHEMATICAL  SECTION, 
October  15th,  1863. 

JosBPH  Baxendsll,  F.R.A.S.,  President  of  the  Section, 
in  the  Chair. 

Mr.  Baxendeix,  referring  to  Mr.  Brothers*  "Iris  Diaphragm" 
for  determining  star  magnitudes,  stated  that,  theoretically, 
the  aperture  of  the  diaphragm  should  vary  as  the  cosine  of 
half  the  angle  of  rotation  of  the  moveable  ring,  and  exhibited  a 
diagram  showing  the  close  agreement  between  the  theoretical 
and  actual  apertures  in  an  instrument  he  had  had  constructed 
under  Mr.  Brothers'  direction,  and  adapted  to  Mr.  Worthing- 
ton's  equatorially  mounted  achromatic  of  five  inches  aperture. 
He  also  stated  that  the  only  difficulty  he  had  experienced  in 
usin^  the  diaphragm  was  that  of  not  being  able  to  read  off 
readily  the  divisions  of  the  scale  without  artificial  illumina- 
tion; but  this  diflSculty  he  had  found  could  be  obviated  by 
the  use  of  a  small  telescope  magnifying  about  six  times, 
which  showed  the  divisions  of  the  scale  on  the  darkest  night 
^  with  sufficient  distinctness  for  all  practical  purposes,  and 
thus  enabled  the  observer  to  make  a  series  of  observations 
without  exposing  the  eye  to  extraneous  light  or  leaving  the 
eye  end  of  the  telescope. 

Mr.  Baxekdbll  also  read  the  following  extract  of  a  letter 
horn  Mr.  Heelis,  F.B.A.S.,  dated  at  sea,  off  Genoa,  Sep.  9th, 
1863:— 

I  promised  to  write  to  you  if  I  had  anything  to  com- 
municate. I  have  very  little,  but  that  little  relates  to  a 
rare  phenomenon  in  the  Mediterranean,  no  less  than  a 
genuine  fog.     In  the  last  voyage  of  the  Palestine,  on  the  7th 
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of  July  last,  being  at  noon  in  2°  51'  W.,  a  little  to  the  west- 
ward of  Cape  de  Gatta,  she  experienced  so  dense  a  fog  from 
day-break  to  nearly  four  p.m.,  that  the  engines  had  to  be  run 
slow,  and  on  this  voyage  on  Sunday  morning  last  a  few  hours 
after  leaving  Gibraltar,  and  between  that  place  and  Malaga,  we 
ran,  about  6  a.m.,  into  a  dense  fog,  which  lasted,  with  short 
intervals  of  comparatively  clear  weather,  until  a  little  after 
1 1  a,m.  The  fog  was  lying  in  dense  lanesj  with  clearer  weather 
between  them,  and  by  a  rough  approximation  of  its  height, 
made  by  noting  how  far  it  extended  up  the  mountain  sides 
during  the  intervals  when  the  weather  with  us  cleared,  ex- 
tended upwards  about  4,000  feet.  Barometer  about  30-lOOin. 
The  ship  had  to  be  run  slow  and  service  dispensed  with.  I 
see  that  Sinyth  in  his  *'  Mediterranean"  only  mentions  fogs  in 
the  Syrtis.  Our  captain  has  made  more  than  seventy  voyxiges 
up  the  Mediterranean,  and  considers  the  occurrence  of  fogs 
where  we  met  with  them  very  rare  indeed.  Hence,  I  hope 
that  this  may  be  of  interest  to  you.  Of  course  the  weather 
was  calm. 
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Ordinary  Meetings  November  Srd,  1868, 
E.  W.  BiNNBT,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Edwakd  Hull,  B.A.,  F.G.S.,  was  elected  an  ordinary 
member  of  the  Society. 

A  Paper,  entitled  "  On  the  Theory  of  Equations,**  by  His 
Honour  Jahes  Cockle,  M.A.,  F.RA.S.,  F.C.P.S.,  &c., 
the  Chief  Justice  of  Queensland,  was  communicated  by  the 
Her.  EoBBKT  Harlby,  F.R.S.,  F.R.A.S. 

Despite  the  accession  to  the  subject  of  Mr,  Harley  and  Mr. 
Cay  ley,  there  remains  something  to  be  done  in  the  theory  of 
quintics.  I  think  thata  root  of  the  given  equation  should  bd 
expressed  in  terms  of  a  single  value  of  the  resolvent  product, 
and  (in  the  PhUoaophical  Magazine  for  March,  1860,  and  the 
Quarterly  Journal  for  June,  1860)  I  have  taken  some  steps 
in  that  direction.  The  latter  calculations  are  pushed  some- 
what further  in  a  manuscript  which  I  forwarded  to  Mr. 
Harley  some  little  time  since,  but  as  yet  I  am  not  aware 
whether  that  intrepid  calculator  has  arrived  at  any  conclusion 
as  to  which  course  it  would  be  advisable  to  adopt.  To 
express  a  root  in  terms  of  a  single  value  of  Mr.  Harley*s  r  or 
of  Mr.  Cayley*s  ^  would,  I  believe,  be  desirable. 

Shortly  before  leaving  England  for  Australia  it  had  occurred 
to  me  that  the  theory  of  what  I  propose  to  call  ^*coresolvents*' 
might  throw  light  on  such  a  question  as  ^^  What  is  the  most 
general  form  of  linear  differential  equation  of  the  second  order 
soluble  by  means  of  an  algebraical  (not  necessarily  a  cubic) 
equation?'*  and  also  on  the  determination  of  the  points  of 
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inflection  of  curves.  I  have  not  pursued  these  inquiries^ 
though  I  hope  soon  to  be  in  a  condition  to  call  attention  to 
a  class  of  functions  for  which  I  shall  propose  the  name  of 
*'  differential  covariants/*  the  existence  of  which  is  suggested 
by  that  of  "  differential  critical  functions.*'  My  memoranda 
however  have  not  yet  arrived  here. 

With  respect  to  the  theory  of  transcendental  solution,  I 
would  venture  to  suggest  the  publication  of  Professor  Boole's 
solution  of  a  certain  quartic  resolvent,  in  a  form  involving  a 
single  definite  integral.  Mr.  Rawson's  researches,  as  yet 
unpublished,  on  the  algebraical  equations  on  which  given 
differential  equations  depend  are,  too,  of  high  interest. 

In  reference  to  my  communication  printed  at  pages  16-17 
of  the  *' Proceedings  of  the  Literary  and  Philosophical 
Society  of  Manchester,"  (meeting  of  December  2,  1862),  and 
to  Mr.  Harley's  remarks  thereon,  let  me  observe  that  we  may 
write  the  Boolian  of  (a)  in  the  form 

4i;2Dry  -  2i;4D  -  37«^3j=:0, 
and  that  the  portion 

of  the  sinister  is  deducible  from  the  portion 

of  the  sinister  of  (F)  by  changing  r  into  r— 1  in  the  exponent 
of  the  first  factorial  and  throughout  the  whole  of  the  second 
expression  and  substituting.  For  this  change  and  substitu- 
tion gives 

L     dx  J       Lr- 1     dx       r-1    J 

or,  making  n=4,  r=2. 
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which  is  identical  in  substance  with  the  selected  portion. 
The  calculation  of  the  differential  resolvents  of 

which  seem  requisite  for  completing  the  discussion  of  trinoi- 
mial  forms^  would  in  all  probability  throw  further  Ught  upon 
the  q[uestion. 

Brisbaney  Queeiulandf  AuHraliOf 
Wedmetday,  A%g.  12, 1863. 

Mr.  Habley  added  the  following  remarks  ''On  Becent 
Researches  on  the  Theory  of  Equations." 

In  seeking  to  express  a  root  of  the  general  quintic  equation 
in  terms  of  a  single  value  of  the  resolvent  product,  we  are 
met  with  considerable  practical  difficulties.  Starting  from  the 
Eulerian  equations,  which  connect  the  coefficients  of  the 
quintic  with  the  constituents  of  its  roots,  the  question 
becomes  one  of  elimination,  and,  looked  at  in  a  theoretical 
point  of  view,  it  is  simple  enough.  But  the  eliminations  to 
be  effected  are  so  formidable  that  I  have  not  hitherto  had  the 
courage  to  attempt  to  carry  further  the  calculations  of  my 
distinguished  friend.  Considering,  however,  the  enormous 
calculations  which  have  of  late  years  been  effected  in  this 
department  of  algebra^  and  considering  also  the  facilities  of 
verificatioa  which  recent  investigations  afford,  I  should  be 
unwilling  to  affirm  that  the  work  is  altogether  impracticable* 
If  any  mathematician  who  has  the  necessary  leisure  is 
disposed  to  undertake  the  work,  I  shall  be  happy  to  supply  him 
with  a  copy  of  the  manuscript  referred  to  in  the  first  paragraph 
of  the  foregoing  Paper,  and  to  offer  him  such  suggestions  and 
assistance  as  I  may  be  able. 

In  my  last  communication  to  the  Society,  published  at 
pp.  69-71  of  the  current  volume  of  the  '^  Proceedings,"  I  have 
given  a  brief  sketch  of  Bring^s  reduction  of  the  general  quintic 
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equation  to  a  trinomial  fonn ;  and  at  the  close  of  a  Paper  on 
the  history  of  that  celebrated  problem,  published  at  pp.  38-47, 
of  the  6th  vol.  of  the  Quarterly  Journal  of  Pure  and  Applied 
Mathematics,  I  have  given  firing's  solution  in  extemo. 
Since  the  publication  of  these  Papers  Mr.  Samuel  Bills,  of 
Hawton,  has  communicated  to  me  a  very  ingenious  simplifi- 
cation of  firing's  method.  In  place  qf  transfonning  the 
quadratic  in  cf  by  means  of  the  assumptions 

h-ad+^  and  c  =  <i  +  7, 

and  making  the  resulting  quadratic  vanish  identically,  Mr. 

Bills,  observing  that  the  equation  (E)  may  be  written 

5{Zpc  +  iqd  +  6r)b  +  lO^c*  +  25rc(^--15;>'c  -  dp^d*  -  2Spqd 

-2^-20rp  =  0, 

assumes 

dpc  +  4qd-^5r^0 
or,  what  is  the  same  thing, 

^_     M+5r 

and  by  substitution  in  (E)  obtains  a  quadratic  in  d,  the  solution 
of  which  gives  d  in  terms  ofp,  q,  r;  c  and  a  then  also  become 
**  known  *';  and  substituting  fbr  a,  c,  d  their  several  values  in 
the  coefficient  of  y*,  and  equating  the  result  to  zero,  there 
arises  a  cubic  in  h.  Mr.  Bills  also  observes,  that  if  the  values 
of  a,  c,  d  thus  found  were  substituted  fbr  these  letters  in  the 
coefficient  of  y,  in  place  of  that  of  y*,  and  the  result  were 
equated  to  zero,  we  should  be  conducted  to  a  biquadratic  in  h. 
Hence  it  follows  that  the  general  quintic  equation  may  be 
deprived  of  its  second,  third,  and  fourth  terms  by  the  solution 
of  auxiliary  equations  none  of  which  rise  above  the  third 
degree;  and  of  its  second,  third,  and  fifth  terms  by^hie  solu- 
tion of  equations  none  of  which  rise  above  the  fourth  degree. 
This  method  of  solution  may  be  extended,  as  I  propose  to 
show  shortly  elsewhere,  to  the  corresponding  problems  for 
any  general  algebraic  equation  of  a  degree  higher  than  the 
fourth. 
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I  am  indebted  to  Sig.  F.  Briosehi  for  politely  forwarding 
to  me,  through  this  society,  a  copy  of  his  interesting  work, 
entitled,  Sulla  Bisolvente  di  MalfatU  per  h  Equationi  del 
Qmnio  Grado.  From  this  work,  which  is  printed  in  the  9th 
vol.  of  the  Memoirs  of  the  Bayal  Institute  of  Lombardy,  I 
learn  that  Malfatti,  in  a  Memoir  published  in  1771,  in  the 
Transai^ons  of  the  Academy  of  Siena^  entitled,  De  aequa^ 
tionibtis  quadrato-cubicis  disqmaiUo  analytioay  gives  a  dia* 
cossion  of  quintic  equations  which  anticipates  to  some  extent 
oeortain  recent  investigations  on  the  subject.  After  having 
proposed  and  applied  an  original  method  for  the  solution  of 
the  lower  equations,  after  having,  that  is,  deduced  from  each 
equation  another  of  one  degree  inferior,  which  he  calls  its 
resolvent  ('^risolvente"),  because  the  solution  thereof  leads 
to  that  of  the  given  equation,  Malfatti  proceeds  on  the  same 
method  to  deal  with  the  equation  of  the  fifth  degree,  and  by  a 
process  of  elimination  arrives  at  the  actual  calculation  of  its 
resolvent.  This  resolvent  he  finds  to  be  an  equation  of  the 
sixth  Segree,  that  is,  one  degree  higher  than  the  proposed 
equation.  Sig.  Briosehi  is  unable  to  say  certainly  whether 
or  not  Mal&ttl  expected  this  result,  but  he  inclines  to  the 
opinion  that  Malfatti  would  scarcely  have  persisted  i^  so 
labcniottB  a  calculation  if  he  had  not  hoped  that  the  final 
cquadoin  would  be  such  as  to  help  to  a  solution  of  the  given 
one.  While  Malfatti  was  engaged  upon  this  problem, 
Lagrange  was  publishing  in  the  Berlin  Memoirs  (1770-71), 
his  celebrated  method  for  the  general  solution  of  equations, 
in  which  he  bases  the  theory  on  the  number  of  values  which 
innctions  can  take  by  pei^mutation  of  the  variables.  Eight 
yesis  later  Buffini  gave  to  the  world  his  Theory  of  Equations 
(published  atBologpa),  and  accompanied  it  with  a  demon- 
stration of  the  impossibility  of  resolving  by  radicals  any 
general  algebraiiQ  equation  of  a  degree  higher  than  the  fourth. 
Malfatti'  at  first  entertained  some  doubts  as  to  the  validity  of 
Buffini's  demonstration,  and  in  a  Memoir  published  in  the 
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Transactions  of  the  Italian  Society  for  1804,  he  set  forth 
these  doubts,  supporting  his  views  by  a  reference  to  the  results 
obtained  by  himself  in  his  earlier  researches.  I'his  work  of 
Malfatti  gave  rise  to  two  excellent  Memoirs  by  Ruffini,  also 
published  in  the  Transactions  of  the  Italian  Society,  in  the 
first  of  which  he  disposes  of  Malfatti's  objections,  and  in  the 
second  he  shows  a  priori  that  the  quin tic  resolvent  is  of  the 
sixth  degree,  and  that  each  of  its  roots  is  of  four  dimensions 
with  respect  to  the  roots  of  the  quintic.  Sig.  Brioschi  in  the 
Memoir  above  referred  to,  shows  that  the  sextic  equation 
calculated  by  Mr.  Cockle  (now  His  Honour  The  Chief  Justice 
of  Queensland)  and  myself,  and  which  we  communicated  to 
this  Society  in  1858-59  (see  Memoirs,  vol.  XV.,  pp.  131-142, 
and  pp.  172-219),  is  substantially  the  same  as  that  calculated 
by  Malfatti.  Sig.  Brioschi  further  shows,  in  an  Appendix 
to  his  Memoir,  that  Malfatti's  resolvent  may  be  readily 
transformed  into  the  sextic  equation  recently  calculated  by 
Mr.  Cayley.     {Phil.  Trans,  tor  1861,  pp.  263-276.) 

In  a  work  entitled  Die  Auflosung  der  Gleichungen  furrften 
Grades,  by  Adolf  von  der  Schulenburg,  Hauptmanu,  a  D., 
published  by  H.  W.  Schmidt,  Halle,  1861, 1  find  calculated 
a  certain  sextic  equation  whose  roots  are  of  two  dimensions 
with  respect  to  the  roots  of  the  quintic.  On  comparing  this 
sextic  with  Mr.  Cayley's,  and  making  allowance  for  difference 
of  notation  and  for  the  circumstance  that  Herr  Schulenburg's 
sextic  is  calculated  for  the  quintic  wanting  in  its  second  term, 
whereas  Mr.  Cayley's  is  for  the  complete  quintic,  I  find  that 
the  two  exactly  coincide.  By  means  of  the  semin variant 
process  I  have  completed  the  coefficients  of  Herr  Schulen- 
burg's  sextic,  that  is  to  say,  I  have  determined  the  form  of 
those  coefficients  for  the  complete  quintic,  and  I  have  thus 
verified  Mr.  Cayley's  result. 

Touching  the  theory  of  transcendental  solution,  I  may 
state  that  my  own  efforts  in  this  department  are  at  present 
being  directed  to  the  determination  of  the  most  general  forms 
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of  differential  resolvents^  and  to  the  detection  of  such 
properties  as  are  common  to  these  forms.  The  field  is  fruitful 
of  results. 

Mr.  E.  D.  Dahbishire  read  a  Paper  '*  On  Marine  Shells 
in  Stratified  Drift  at  High  Levels  on  Moel  Tryfaen,  Caernar- 
vonshire." 

After  recapitulating  shortly  the  development  of  the  present 
dieories  of  alteration  of  level  and  glaeiation  in  the  Caernarvon- 
shire district,  and  especially  referring  to  the  discovery,  in 
1831,  of  marine  shells  in  drift-beds  near  the  top  of  Moel 
Tryfaen  by  the  late  Mr.  Joshua  Trimmer,  F.G.S.,  Mr.  Darbi- 
shire  described  his  rediscovery  of  the  fossiliferous  deposit  in 
extensive  sand  cuttings  made  during  the  present  year  in 
opening  out  the  Alexandra  Slate  Quarry  on  the  north  side  of 
the  hifl. 

Professor  Ramsay  had  traced  marine  drift  to  the  height  of 
2^300  feet  above  the  level  of  the  sea  in  the  recesses  of  Carnedd 
Dafydd  and  Carnedd  Llewellyn,  and  had  found  fragments  of 
shells  near  Maenbras,  two  miles  west  of  Snowdon,  at  about 
the  same  height  as  Mr.  Trimmer  had  given;  but  other- 
wise the  discovery  of  1831  had  scarcely  been  followed  up, 
nor  even  had  any  complete  Kst  of  Mr.  Trimmer's  shells  been 
published. 

By  repeated*  barometric  observations,  Mr.  Darbishire  had 
aseertained  the  fossiliferous  beds  to  extend  upwards  from 
1^80  to  1,860  feet  above  the  sea  level,  confirming  Mr. 
Trimmer's  own  measurement. 

Last  week,  the  section  being  about  35  feet  in  vertical 
height,  exposed  on  one  line  the  following  series: — 


^  „  XJNDBR  THE  SWABD. 


0    9     Black  peaty  soil. 


1  9  Yellowish  brown  sandy  clay,  finely  and 
tortuously  stratified  with  scattered, 
rounded,  and  angular  pebbles  ••..••.••]    observed. 

1    9    Fme  sandy  gravel,  stratified Ditto. 


No  shells  or 
fragments 


^'O^ 
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IT.  ni. 

6    0    Fine  clean  gravel  or  shingle,  stratified ' 

with   rounded  or   partially  rounded  Shells 

pebbles  of  white  quartz,  greenstone,  and  firag- 

porphyry,  green  sandstone,  slate,  and  ments. 

pinkish  granite  •••• 

6    0     Fine  clean  brownish-yellow  sand,  stra-  ]  Fragments 

tified • I  not  rare. 

6  8    Fine  clean  gravel  or  shingle,  stratified  )  Shells  and 

.  with  pebbles  as  in  No.  4  j  fragments. 

.  ,     ,  ,  f      None 

7  6    Coarse  greenish  clayey  gravel |    observed. 

0     8     Curious  very  fine  slate  gravel  or  shingle,  ^     A  few 
with  greenish  and  clayey  sand *•  )  fragments. 

0    8    Edges  of  slate  rock  much  broken  and )      -j^ 
distorted.  ..•• • ) 

6     0     Unbroken  slate  rock,  vertical. 

The  sandy  clay  roof  had  doubtless  tended  to  the  preser- 
vation in  this  spot  of  the  fossil  shells  and  fragments  found 
below.  They  are  nowhere  common,  though  occasionally 
aggregated  in  horizontal  patches. 

A  series  of  the  shells  and  fragments  found  during  repeated 
visits  was  exhibited. 

The  whole  assortment  of  fossils  might  be  denoted  as 
Arctic,  but  with  a  characteristic  infusion  of  **  Celtic "  or 
British-Atlantic  species,  or  otherwise  as  glacial  within  the 
British  province;  the  series  already  indicating  the  character 
of  the  present  provincial  association  of  species,  though  under 
glacial  conditions,  and  with  many  northern  forms. 

In  the  table  of  species,  as  follows,  is  added  a  list  of  species  • 
identified  from   Mr.  Trimmer's  original   specimens  in  the 
Museum  of  the  Geological  Society,  London,  by  Mr.  J.  Gwyn 
Jeffreys,  F.R.S.,  F.G.S. 

Scale  of  frequency:  a,  abundant;  c,  common;  /^  frequent; 
r,  rare;  v  r,  very  rare. 
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Mr.  Mr. 

Trinunet^   Darblahira^  KBMATIXB. 

flpirinwmt.      List 

1  Sajucava  mgosa* r.     Scarce  fragments,  not 

large. 

2  „        var.arctica, .     ..     v.r. 

S  My  a  truncata • ,      *       f.     Small  jfragments. 

4  „     var.  Uddevallensis     .  .     v,r.  Fragments. 

5  Corbula  nucleus. .....     . .     v.r.  Broken  valves. 

6  Donax  anatinus , .       1      Broken  valve. 

7  Tellina  solidula.  • a. 

8  ,,       var.  balthica . .      *     v.r. 

9  „    proxima,  Brown     . .       r. 

10  Mactra  solida. r.    Var.    approaching 

elliptica. 

11  „      eUiptica ♦        1 

12  Venus  casina ,..     ..       L     Fragment. 

13  „      striatula *        0     E.Forbes. 

14  „      ?  sp 1      Valve. 

15  Artemis  exoleta 1      Fragment. 

16  Astarte  elliptica    ....      *      /.     Whole    valves    and 

fragments. 

17  „      compressa c.     Whole  valves,  smalL. 

18  „      borealis *       c.     Fragments. 

19  „      crebricostata.  .     . .     v.r.  Two  fragments. 

20  Cyprina  Islandica ....      *       c.     Small  fragments. 

21  Cardiumedule *   \^-     Fragments  of  young 

and  old  valves. 

22  „        echinatum. .      *        r. 

28        „        Norvegicum     . .       1     Fragment. 
4        „        ?  sp. 1         do. 

25  „        ?  sp 1         do. 

26  Mytilus  edulis *       /.      Fragments    much 

worn. 

27  Modiola  modiolus ....      *        r.         do. 

28  Leda  pemula, r.         do» 

29  Pectunculus  glycimeris     .  •     v.r,       do. 
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Spedmen^ 

Lift. 

80  Pecten  opercularis. . . . 

r. 

Fragments    muoh 
worn. 

31  Ostrea  edulJR •  •  • 

v.r. 

do. 

82  Dentalium  entale  .    . » 

v.r. 

do. 

38      y,     abyssorum^  Sars. 

V.  r. 

do. 

84  Fissurella  reticulata  . . 

1 

Fragment. 

85  littorina  littorea  .  • .  • 

/ 

Rolled  slieSs  and  frag- 
ments. 

86        „        rudis  var.  . . 

1 

87  Lacuna  vincta   •••••• 

1 

Perfect. 

88  Turritella  C4>mmunis. , 

a. 

do.  large  and  small. 

89  Aporrhais  pespelecani.. 

v.r. 

Two  fragments. 

40  Natica  clausa 

r. 

41  Trichotropis  borealis.  . 

1 

Perfect. 

4&  Mutex  eriuaee^   . .  •  • 

r. 

Broken   shells   and 
fragments. 

43  Purpura  lapillus    .... 

•/. 

do. 

44  Nassa  reliculata    . . . « 

r. 

Sliells  and  fragments. 

45  Nassa  inorassato    .... 

V.  r. 

46  BuogLquiu  uodatum  • . 

* 

/. 

One  broken,  2  inches 

t 

long^  and  fragments 
oflai^rindiyiduals. 

47  Fi(su8  gracilis    

. . 

v.r. 

Two  brokm,  one  a 
large    and    coarse 
form. 

48      9,     aniiquofl  . .. «.. 

# 

0. 

One  ^  inches  long, 
many    rolled   frag^ 
mentsof  much  larger 
shdls. 

49      ,y     ?  craticulatiis  . . 

« . 

a 

Fragments. 

60      „     PKroyeri 

. . 

1 

One  young  shelL 

61  Tropkon  clathratus   .  • 

» 

/. 

Large  and  small  shells. 

• 
• 

p^ect. 

63        f,      scalatiformis  • 

•  • 

/. 

Not  large. 

l»i 


Ux,  He. 


53  Trophon  GKumeri f. 

54  MangeUa  turricula    . .     *  /.     Some   in   very   good 

condition. 

55  „        nebula    ....     *  0 

56  „        rufa    *  0 

57  jf      ?  pyramidalis 

Strom v.r.  Also  at  Fort  William, 


58  Balanus  Hameri 2     Fragments. 

59  Cliona  (?  two  species) .    . .    v.r.  Jj).  pieces  of  Cyprina^ 

«:c. 
Total,  56  species  in  59  forpis. 

Ohabsbb  Clat,  M.D.,  read  a  paper  ^^  On  tlie  fixisteiiee  of 
tlie  Moa  of  Naturalists  in  New  Zealand/'  and  related  two 
instancies  in  which  it  had  been  se^  by  didbrent  individuals, 
md  its  very  recent  Ibotprhits  by  many  othe?^  on  the  shores 
of  the  Middle  Island;  once  on  the  coast  near  the  gcdd 
dig^;mg  locality,  and  once  on  the  banks  of  the  ModdUnui 
BiTer^  about  two  miles  from  the  coast,  and  twenty-five  miles 
nordi  of  the  Buller  River.  It  is  described  as  at  least  eight 
feet  in  height;  the  head  as  la^  as  that  of  a  fall  grown 
calf,  with  a  semidrcular  scarlet  patch  of  about  three  fingers 
breadth  under  each  eye,  a  thick  short  straight  bill ;  its  legs 
very  thick  and  clumsy ;  the  neck  very  short.  In  fact,  the 
head,  neck,  and  legs  appeared  out  of  proportion  even  with  its 
huge  body.  The  bird  was  feeding  from  the  tops  of  the  under- 
bush,  never  attempting  to  feed  from  the  ground,  the  shortness 
of  its  neck  rendering  such  a  process  imposnble.  The  neck 
for  a  considerable  distance  from  the  head  downward  was 
denuded  of  feathers,  like  the  vulture,  and  the  general  colour 
of  its  plumage  was  of  a  dusky  brown.  Both  observers  dif- 
fered slightly  from  the  description  as  given  by  Professes  Owen, 
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but  agreed  as  to  the  wonderfully  correct  idea  the  zoologist 
had  formed  of  the  animal  which  he  had  derived  from  the 
inspection  of  a  few  bones  only, 

Owen's  sketch,  altered  according  to  the  suggestions  of  the 
above  observers,  will  be  shortly  laid  before  this  society.  The 
average  length  of  the  toes,  as  measured  by  different  individuals 
from  the  footprints,  is  about  ten  inches.  The  bones  are  very 
frequently  met  ^th,  and  it  is  hoped  from  these  facts,  mor^ 
will  be  known  of  this  gigantic  animal  so  very  interesting  tQ 
naturalists. 

Dr.  CiiAY  also  read  a  Paper  entitled  '*  Remarks  on  the 
Habits  and  Character  of  the  Maoris  of  New  Zealand/' 
The  author's  remarks  were  illustrated  by  an  excellently 
formed  skull  of  one  of  the  Maori  chiefs,  showing  (with  the 
exception  of  somewhat  narrow  frontal  regions)  a  skull  of  fair 
development,  with  considerable  amount  of  brain  space,  and 
considerable  capability  of  mental  cultivafion  if  begun  early 
in  life.  The  present  condition  of  this  tribe  is  most  degraded 
and  lamentable. 
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Ordinary  Meeting,  November  17th,  1868. 

E.  W.  BiNWEY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

Mr.  Samuel  Barton  Worthington,  C.E.,  was  elected  an 
Ordinary  Member  of  the  Society. 

Mr.  F.  R.  Faikbank  exhibited  several  specimens  of  Flint 
Implements  which  had  been  ploughed  up  near  Lake  Erie  in 
Canada. 

A  Paper  was  read  *0n  a  New  Method  of  Producing 
Carbonic  Oxide/'  by  Dr.  F.  Crack  Calvert,  F.R.S. 

In  1 820,  my  learned  master,  M.  Chevrenl,  published  a  most 
interesting  paper  on  various  colouring  matters,  and  drew  the 
attention  of  the  scientific  world  at  that  time  to  the  property 
which  mo6t  colouring  matters  possessed,  of  absorbing  oxygen 
under  the  infiuence  of  alkalies;  and  although  he  demonstrated 
the  great  advantage  possessed  by  gallic  and  pyrogallic  acids^ 
as  agents  for  analysing  the  atmosphere,  by  the  extraordinary 
rapidity  with  which  they  absorbed  oxygen  imder  the  influ- 
ence of  alkalies,  still  this  valuable  observation  of  M. 
Chevreul  remained  dormant  for  nearly  twenty  years,  when 
Liebig  again  proved  with  what  facility  air  could  be  analysed 
by  this  method.  I  wish  now  to  call  your  special  atten- 
tion to  this  mode  of  absorbing  oxygen  in  a  gas  mixture, 
as  it  is  considered  by  many  chemists  to  be  quite  as  accurate 
as  those  methods  which  are  based  upon  the  employment 
of  phosphorus,  or  metallic  copper  as  suggested  by  Gay- 
Lussac;  but  this  is  not  correct,  for  I  have  observed  that  it 
contains  a  serious  source  of  error,  because  during  the  absorp^^ 
Pbocbkxos— Ia.  ft  Phil.  Sooukt— No.  S.— Svsion,  1S68-64* 
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tioa  of  oxygen  by  the  gallic  or  pyrogallic  acid  under  the 
influence  of  alkalies,  a  oertain  quantity  of  a  permanent  and 
combustible  gas  is  produced,  viz. — oxide  of  carbon. 

It  was  during  a  series  of  experiments  which  I  had  under- 
taken to  verify  a  most  interesting  fact,  published  by  M. 
Boussingault,  viz,,  the  production  of  oxide  of  carbon  during 
vegetation  under  water,  or  the  decomposition  of  carbonic  acid 
under  the  influence  of  solar  rays  (see  Comptes  Rendus.  vol. 
6S,  p.  862, 1868),  that  I  discovered  that  the  oxide  of  carbon 
which  M.  Boussingault  had  obtained  in  his  analysis  of  the 
gas  mixture  produced  during  vegetation,  was  not  due,  as  he 
thinks,  to  the  reduction  of  carbonic  acid  into  oxide  of  carbon ; 
but  that  due  gas  was  a  product  of  oxidation,  or  the  result  of 
the  action  of  oxygen  on  the  pyrogallic  acid  that  he  used  for 
analysing  his  gas  mixtures. 

The  following  details  of  my  experiments  will,  I  trust, 
clearly  prove  this  curious  production  of  oxide  of  carbon  :— 

1 .  If  over  a  mercury  trough  100  cubic  centimetres  of  oxygen 
are  introduced  under  a  bdl  jar  together  with  pyrogallic  acid 
and  potash,  although  the  greatest  portion  of  the  oxygen  is 
rapidly  absorbed,  still  whatever  number  of  hours  the  sub- 
stances are  left  in  contact,  there  will  always  remain  a  certain 
residue  incapable  of  further  absorption,  and  on  examining 
this  residue,  it  will  be  found  to  burn  with  a  blue  flame,  and 
to  be  converted  thereby  into  carbonic  acid,  which  compound 
is  easily  characterised. 

2.  If  two  litres  of  oxygen,  free  from  any  trace  of  carbonic 
acid,  are  made  to  pass  through  a  solution  of  pyrogallate  of 
potash  placed  in  Liebig's  bulb  apparatus,  and  from  thence 
over  carefully  prepared  oxide  of  coppery  heated  to  a  dull  red 
heat,  carbonic  acid  will  be  found  to  issue  from  the  apparatus, 
and  can  be  collected  and  weighed. 

3.  If  an  unabsorbed  portion  of  gas  remaining  in  the  receiver 
(Experiment,  No.  1),  be  brought  into  contact  ivith  a  solution 
of  protochloride  of  copper,  dissolved  in  hydrochloric  acid  or 
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ammonia,  the  residue  will  be  absorbed^  which  is  an  addi* 
tional  characteristic  property  o£  oxide  of  carbon^  as  indicated 
by  M.  Le  Blanc. 

4.  If  one  volume  of  ihk  residual  gas  be  introduced  into  a 
eudiometer,  and  after  being  mixed  with  one  volume  of  oxygen 
the  mixture  be  exploded  by  an  electrical  spark,  it  is  found 
that  half  the  volume  of  oxygen  employed  has  disappeared, 
and  that  the  volume  of  carbonic  acid  formed  is  equal  to  that 
of  the  oxide  of  carbon  introduced  into  the  eudiometer. 

As  to  the  quantity  of  oxide  of  carbon  produced  during 
these  experiments,  it  depends  firstly  upon  the  concentration 
of  the  pyrogaUate  employed,  and  secondly  upon  its  neutral 
or  alkaline  state,  the  minimum  being  with  the  acid  liquor, 
and  the  maximum  with  an  alkaline. 

In  taking  the  mean  of  ten  distinct  experiments,  I  found 
that  100  volumes  of  oxygen  gave  two  volumes  of  oxide  of 
carbon,  but  in  some  instances  the  propoition  was  as  high  as 
four  per  cent. 

The  production  of  oxide  of  carbon  also  oociirs  when 
atmospheric  air  is  substituted  for  oxygen,  only  the  oxide  of 
carbon  is  so  much  diluted  by  the  nitrogen  that  its  presence 
cannot  be  detected  by  several  of  the  above  methods.  But 
if,  on  the  other  hand,  several  quarts  of  air,  carefully  deprived 
of  carbonic  acid,  are  passed  through  an  alkaline  solution  of 
pyrogaUate,  or  gallate  of  soda,  and  from  thence  over  some 
heated  oxide  of  copper,  carbonic  acid  will  be  found  issuing 
from  the  apparatus,  and  can  be  easily  characterised,  and  even 
weighed,  as  I  have  done  in  some  experiments. 

It  is  no  doubt  owing  to  the  difficulty  of  detecting  a  small 
quantity  of  oxide  of  carbon  when  diluted  with  nitrogen, 
that  the  presence  of  that  gas  has  not  been  observed  before 
by  chemists,  who  have  employed  ChevreuVs  and'Liebig*8 
method  of  analysing  the  atmosphere. 

li«  Boussingault  having  observed  the  presence  of  a  light 
earbnretted  hydrogen  in  the  residuum  which  he  obtained 
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in  analysiog  the  gase8  which  were  produced  by  vegetation 
under  water,  and  under  the  influence  of  solar  rays,  I  made 
careful  and  repeated  efforts  with  the  object  of  detecting  it, 
but  failed  to  do  so.  I  therefore  suspect  that  this  gas  was  the 
result  of  decomposition  of  some  of  the  organic  substances 
present  in  his  experiments. 

A  paper  was  read  "  On  an  Apparatus  for  Measuring  Tensile 
Strengths,  especially  of  Fibres,"  by  Mr.  Charles  O'Neill, 
F.C.S. 

In  the  sketch,  a  is  a  cylindrical  metallic  vessel  to  hold 
water,  and  provided  with  a  cock  c.  b  is  a  hollow  cylinder 
of  glass  or  metal,  closed  at  the  lower  end,  and  so  weighted  as 
to  float  vertically  in  stable  equilibrium  with  a  portion  out  of 
the  water ;  upon  its  upper  end  a  hook  or  clamp  to  hold  the 
fibre  is  fixed,  d  is  a  fixed  support,  with  another  hook  or 
clamp  to  hold  the  other  end  of  the  fibre,  f  is  a  lever  with 
a  long  and  short  arm,  the  long  arm  passing  over  the  scale 
G.  H  is  the  table  or  support,  and  e  is  a  vessel  into  which 
water  drawn  from  a  is  received.  When  using  the  apparatus 
it  is  nearly  filled  with  water,  and  the  fibre  to  be  tested  is 
properly  secured  to  the  fastenings  on  b  and  d,  then  drawn 
taut.  Water  is  now  allowed  to  flow  slowly  froi^  c  until  the 
fibre  breaks.  The  quantity  of  water  drawn  off  is  ascertained, 
and  from  it  the  strjain  put  uppn  the  fibre  calpulatod.  The 
indications  of  the  long  aim  of  the  lever  are  also  noted  in 
order  to  show  the  stretch,  and  also  to  give  the  elements  for  a 
coiTection  to  be  made  upon  the  quantity  of  water,  drawn  off. 

Stops  and  guides  not  shown  in  the  sketch  serve  to  keep 
the  floating  cylinder  off  the  sides  of  the  vessel,  and  prevent 
it  falUng  too  far  upon  the  rupture  of  the  fibre. 
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The  principle  upon  which  the  apparatus  works  is  so  simple 
that  it  hardly  requires  explanation.  At  the  beginning  of 
the  operation  the  weight  of  the  tube  is  wholly  supported  by 
the  water;  by  drawing  off  the  water  the  support  is  very  gently 
removed  and  the  weight  thrown  upon  the  fibre.  The 
relation  between  the  actual  weight  put  upon  the  fibre  and 
the  weight  of  ^vater  drawn  off  will  vary  for  every  different 
dimension  of  the  containing  vessel  and  floating  cylinder,  but 
in  regularly  shaped  vessels  it  will  always  be  in  the  direct 
ratio  of  the  sectional  areas  of  the  floating  vessel  and  the 
difference  between  this  and  the  sectional  area  of  the  contain- 
ing vessel,  i.e.,  in  cylindrical  vessels  the  sectional  area  of  the 
ring  of  water  surrounding  the  floating  cylinder. 
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In  the  apparatus  brought  down  for  illuBtration  an4  actually 
in  uae  by  the  writer^  there  were  three  floating  cylinders 
whose  sectional  areas  b<»-e  the  following  ratios  to  the  ring 
of  water  by  measurement : — 

Larger  cylinder • 1:      0*925 

Medium  cylinder , 1 :    S0'610 

Smaller  cylinder 1:  492-6 

In  actually  testing,  by  means  of  a  chemical  balance,  the 
relation  between  the  weights  of  water  drawn  off  and  the 
weights  put  upon  a  fibre,  the  following  numbers  were  found :  — 

Larger  cylinder..  0*926  gr.  water  =  I  grain  strain. 
Medium  cylinder  21*09  gr.  water  =  1  grain  strain. 
Smaller  cylinder  476'10    gr.  water  =  1  grain  stiain. 

The  large  discrepancy  in  the  case  of  the  smaller  cylinder  is 
owing  to  the  difficulty  of  measuring  it  correctly ;  its  sectional 
area  was  computed  to  be  0001 989  inch. 

This  apparatus  has  several  advantages:  the  strain  is  put  on 
in  the  most  gradual  manner,  without  jerks  or  shocks ;  it  can 
be  put  on  at  any  rate  per  minute  or  hour,  and  there  is  hardly 
any  assignable  limits  to  either  its  power  or  delicacy.  By  the 
smaller  floating  cylinder  a  strain  of  0'0002  grain  can  be 
measured,  and  by  increasing  the  size  of  the  apparatus  a  strain 
of  a  hundred  tons  could  be  put  on  with  the  most  perfect 
gradation. 

Mr.  O'Neill  also  read  a  Paper,  entitled  "Experiments 
and  Observations  upon  Cotton." 

(1.)  The  author  began  to  make  experiments  upon  the 
chemistry  of  cotton  dyeing,  but  found'  himself  compelled  to 
abandon  experiments  upon  manufactured  cotton  and  to  come 
down  to  the  primary  fibre  or  hairs  of  cotton. 

(2.)  He  has  made  very  numerous  experiments  upon  sevea- 
teen  samples  of  cotton  supplied  to  him  from  reliable  sources, 
and  compared  their  physical  and  chemical  properties. 


1«9 

(3.)  He  has  giten  about  400  experiments  upon  the  length 
of  cotton  Yuiirs  measured  separately  by  a  simple  process,  -which 
he  folly  described,  and  exhibited  a  diagram  upon  an  enlarged 
scale,  showing  the  mean,  maximnm,  and  minimum  lengths 
of  the  06Tenteen  qualities  of  cotton  experimented  upon.  The 
table  below  is  a  r^sum^  pf  the  experiments,  but  tim  author 
furnishes  it  in  this  abstract  with  the  caution  that,  taken 
apart  from  the  detailed  measurements  as  given  in  the  full 
paper,  it  may  give  rise  to  incorrect  conclusions. 
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Itongesi  Moan  GBMXtost 

in.  uu  in. 

SeaUmdEdilto 26d.  ...Dec.,  1860 200  .V680  ......1'85 

Swlfllaad. 54d,  ...Mar.  X668 1-9$  1*501  110 

Qneecaland  Cotton ISO  1475  120 

Sealsland 16d.  ...Dec.,  1860 205  1444  110 

ISTptiaa 9id.to9H      »    X'5& 1*262  , 095 

Egyptian  feir   22d.  ...Mar.,  1863 150  1185  0*85 

Vanmham    '    1-40  1220  0*95 

BenqoeOa 1*50  ......M77  0-85 

Tflnismbiioo ....28*  -..Mar.,  1863 1-50  1'ie76 .0-75 

Maraafaam    ..,_ ..^ 8W....Dec.,  1860......  1-86  ......1127  0-86 

Mobile  6id....Dec.j  3.860.,..,. 1*20  1085  ......0*75 

Odeana 7id....Dec.,  1860......  125  1002  ......O70 

Cpland 6}d....Dec.,  I860.... ..1*20  O9925......b-80 

Orieans  (good  middling) 22id....M»r.,  1868 115  O970  0-86 

aanl<£BrDboDmdi> I7id.... Mar.,  1863 11&  0-9425^.*.. 0^6 

Sozat  (DhoDerah)    ., „.  5id..., Dec,  1360...., .1-10  ,..>..0-92S  056 

Surat  (middling  Comptah)...15d.  ...Mar.,  1863 105  0905  0*70 

(6.)  The.  author  has  determined  the  tensile  strengths  of 
the  hairs  of  the  various  qualities  of  cotton  hy  means  of  the 
apparatus  described  in  the  previous  abstract,  and  has  given, 
in  a  series  of  tables,  the  breaking  weights  in  grains  of  every 
hair  tested,  ivith  remarks  upon  them.  The  following  table 
gives  the  mean  and  maximutri  stiengths  of  the  hairs ;  but, 
like  the  preceding  table,  it  ought  not  to  be  taken  apart  from 
the  detailed  taWes,  where  the  particulars  of  the  breaking  of 
about  twenty  harrs  of  each  kind  Of  cotton  are  given : — 
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Grains.  Gniiu. 

Edi»to  Sea  Mand 88-9  142'6 

Sea  laUnd  (good  quality) 900  1320 

Bencpella    100*6  2188 

Sea  Island  Cotton 102*6  2030 

Uplands lOi-5  2126 

Surat  (fidr  Dhollerah)   105-8  215*6 

Maranham 107*1  187*2 

Egyptian  (fidr)  1080  157*9 

Mobile 118*8  172*3 

Egyptian 127*2  1910 

Orleans    189*7  289*4i 

Pemambuoo   140*2  251*1 

Surat  (Dhollerah) 141*9  236*6 

Maranham  (good  middling) 142*9  242*4 

Queensland 147*6  246*2 

Orleans  (good  middling)   147*7  264*0 

Surat  (middling  Comptah)   163*7  280*2 


tHYSICAL   AND   MATHJSMATICAL   SECTION. 
November  12th,  1863. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  Vice-President  of  the 
Section,  in  the  Chair. 

A  Paper  was  read  by  Mr.  J.  Atkinson,  F.G.S.,  "  On  the 
Construction  of  Bi-fbcal  Lenses  for  Spectacles/' 

The  author  stated  that  he  had  for  many  years  been  obliged 
to  wear  concave  glasses  to  remedy  what  is  called  *^  short- 
sight."  About  seven  years  ago  he  found  that  from  some 
change  in  his  eyes  he  could  no  longer  read  with  the  concave 
glasses  which  he  used  for  looking  at  distant  objects.  Not 
being  able  to  see  things  distinctly  at  the  distance  of  even  a 
few  feet  without  spectacles,  and  at  the  same  time  being 
obliged  to  take  off  his  glasses  to  read  or  to  look  at  any  thing 
close  at  hand,  was  such  an  inconvenience  that  he  sought  to 
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obviate  it  by  applying  to  an  eminent  optician  to  make  him  a 
pair  of  glasses  with  H-focal  lenses.  After  some  delay  Mr* 
Atkinson  was  informed  by  tbis  gentleman  that  tbe  thing  could 
not  be  done ;  that  the  only  way  for  making  a  spectacle  glass 
to  meet  the  defect  complained  of«  was  to  cut  a  convex  and  a 
concave  lens,  each  of  the  proper  focus,  and  to  put  them  edge 
to  edge  in  the  frame,  so  as  to  have  the  convex  part  below  and 
the  concave  part  above.  His  arguments  to  the  contrary,  on 
the  plea  of  "  ne  sutor  supra  crepidara,'*  not  being  listened  to, 
Mr.  Atkinson  was  d)liged  to  adopt  spectacles  of  the  kind 
recommended.  These  glasses  answered  their  intended  purpose 
very  well,  so  far  as  to  seeing  both  near  and  distant  objects, 
but  besides  having  an  un3ightly  bar  directly  across  the  centre 
of  eacb  gLasSt  ^^7  '^^vere  very  liable  to  accident  firom  falling 
out  of  die-frame. 

A  few  months  ago,  having  seen  a  gentleman  with  a  pair  of 
spectacles  with  bi-focal  glasses,  Mr.  Atkins^m  ascertained  the 
name  of  the  optician  who  made  them,  and  applied  to  him  to 
have  a  pair  made  of  a  similar  kind.  He  was  told  that  the 
glasses  alluded  to  were  composed  of  two  convex  ones  of 
diffnrent  focal  lengths— -a*  kcod  that  could  easily  be  made ; 
but  that  a  convex  and  a  concave  lens  could  not  be  made  as 
required  on  the  same  piece,  and  that  the  only  method  of  making 
spectacles  of  the  peculiar  kind  he  wanted  was  that  which  he 
had  alreiKly  had  recouise  to.  Being  stUl  satisfied  that  this 
representation  was  incorrfet,  Mr^  Atkinson,  sueceededt  in 
inducii^  the  (^tioiaa  in  question  to  listen  to  his  suggestions 
tareSBd^Mgiite  object  he  had  in  view* 

The  plan  suggested  will  be  best  tmdentood  by  reference 
to  the  aocompan^mg  diagram,  in  whichL^  C£ 2) represents 
a  circukz^pieoe  (tf  glass  suffidently  large  to  admit  of  two 
spectacle  glasses  being  cut  out  of  it.  This,  in  the  first  {daoe, 
is  to  be  ground  intoa-plano-conv^c  hx^  of  the  required; 
focus;  ihm  iu;  tbe  centre  of  this  is  to  be  ground  a  concav<e 
lens  of  the  light  focus,  as  represented  by  die  inner  drde  t0. 
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After  this  the  entire  piece  is  to  be  divided  int^  two  eqful 
parts^  by  any  diameter  A  B^  and  out  of  each  of  these  a  spec- 
tacle glass  is  to  be  formed  as  in  fig.  I.  In  these  z  «>ivill  be 
the  convex  portions,  forming  the  lower  part  of  eaok  glass 
when  completed;  and  v  v  the  concave  portions,  or  vpper 
halves  of  each  glass.  In  fig.  II.  (7  2>  represents  a  seetion 
of  fig.  I.  along  a  line  from  Cto  D.  It  will  be  seen  thutmch 
glass  when  finished  consists  of  a  portion  of  a  pktKHConvex 
and  a  plano-concave  lens ;  and  that  these  can  of  coufse  be 
made  of  any  focal  length  required  for  correcting  the  abnonnal 
action  of  the  eye  upon  the  visual  rays.* 

After  the  above  plan  of  construction  had  been  described  by 
means  of  a  diagram,  the  optician  last  referred  to  was  satisfied 
of  its  practicability.  He  sent  the  diagram  to  the  firm  who 
manufactured  lenses  for  him  (and  who  had  before  pronounced 
the  making  of  such  glasses  impossible),  and  in  a  few  days 
Mr.  AtkiASon  obtained  a  pair  of  glasses  of  the  kindhewi^ed 

*  Glasses  each  being  part  of  a  doable  oonyex  and  a  doable  ooncaye  lena 
might,  if  required,  be  oonstructed  hj  BimHar  means. 
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for,  and  which  answered  his  purpose  so  perfectly  as  to  leave 
nothing  to  he  desired  in  the  way  of  improYement. 

As  he  has  met  with  many  persons  inconvenienced  hy  a 
defisct  of  vision  similar  to  his  own,  he  considered  the  fore- 
going plan  of  constmcting  glasses  for  remedying  it  worthy  to 
be  put  on  record  in  the  Proceedings  of  this  society. 

Mr.  Baxbvdell  read  the  following  extracts  of  a  letter  from 
Mr.  Heelis,  F.ILA.S.,  dated  St.  George's  Channel,  October 
2Srd,  186S:  — 

On  the  17th  Obtober,  while  running  between  Cape  de 
Gatte  and  Malaga  in  long.  2°  49^  W.,  lat.  86^  19^1' 
N.,  the  captain  and  I  were  observing  the  planet  Venus, 
which  was  visible  to  the  naked  eye  and  showed  her  crescent 
beautifdlly  in  one  of  the  ship's  signal  telescopes,  when  the 
quarter-master  at  the  con  suddenly,  at  10  45  a.m.,  called 
■ly  attention  to  an  object  in  the  sky,  I  looked  up  and 
8SW  a  meteor  nearly,  I  should  think,  twice  as  bright  as 
Venns,  ni^  apparently  consisting  of  two  nuclei,  with  a 
bdgkii  streak'  joining  them,  the  whole  about  a  degree  in 
leagthy  passing  rapidly  across  the  sky  in  a  due  easterly 
&motkm»  It  disa{qpeared  At  an  angle  of  40""  from  the  horizon, 
aoMttred  hy  the  captain's  sextant,  which  happened  to  be 
on  doelu  The  sky  was  cloudless  and  very  clear.  From 
iofuries  from  the  quarter-master,  it  appears  that  he,  while 
lookipg  aloft  for  Yenus,  first  saw  it  about  10''  or  IS"  S. 
of  the  zenith,  and  the  duration  of  the  apparition  was  as 
neaorly  as  I  could  judge  about  fifteen  seconds.  On  the  two 
poaoeding  nights  we  had  had  many  magnificent  meteors;  and 
fm^Hir  passage  across  the  bay,  on  the  21st  and  ZUnd  instant, 
have  since  seen  several  more,  notwithstanding  the  moonlight 
M  th?  time  of  the  ^[^pearance  of  the  meteor  we  were  nearly 
ahseast  of  the  highest  peak  of  the  Sierra  Nevada,  which  was 
covered  with  snow.  The  wind  and  sea  were  both  calm. 
Venus  was  observed  every  day  until  the  19th,  on  which  day 


'194 

lAe  xvtid  80  bright  thit  th^  captain  took'  het  altitude  with  the 
sextant  sobn' after  httr  meridian  passage.  A  Kttle  hefbre 
liobn  onihis  day  We  rounded  Cape  St.  Vincent,  but  diortly 
'T)efore  doing  so,  and  when  off  Cape  Sagres,  we  ran  through 
several  largie  patches  of  the  gtilf  weed  or  fticus  natans.  I 
could  hot  be  mistaken  in  this  weed,  and  my  judgment' was 
corroborated  by  the  captain,  who  is  an  old  East  Indian 
commander,  and  who  told  me  also,  but  without  mentioning 
dates,  that  he  has  on  several  occasions  seen  this  [weed  in 
'  the  ^ame  place  before,  and  even  has  at  times  seen  it  inside  of 
the  Ghit  of  Gibraltar.  If  this  be  so,  the  statement  which  is, 
if  I  remember  lighUy^  made  by  Maury  that  it  is  hardly  ever 
found  except  on  the  right  of  the  axis  of  the  Gulf  stream^ 
'•must  be  inoorr^t^-'^nd  drains  of  the  stream  must  find  their 
way  more  commonly  than  is  generally  imagined  on  to  the 
coast  of  Portugal. 

Connected  as  I  think  with  this,  we  have  had  dense  fogs 

along  the  coast,  from  Cape  Espichel  to  this  aide  of  Cape 

.  Finisterre,  clearing  duripg  the  day,  but  settling  down  in  the 

afternoon  and  night,  except  off  Finisterre^  where  the  sun 

,  seemed  unable,  to  pierce  them. 

On  the  9th  September,  on  the  passage  up  from  Gibraltar 
to  G^ioa^  we  were  in  the  morning  off  the  Hyere^  Islands, 
near  Toulon,  *  our  dist-ance  from  them  when  abeam  being 
,  about  twelve  miles.  We  steered  E.NJB.  l^y  compass  all  day 
until  7  p.m.y  the  long,  nt  noon  being  by  chron.  6""  54'  £.,  lat. 
observed  4Sl*  W,  variation  by  amplitude  of  the  sun  at  sunrise, 
including  deviation  16**  26'  W,  At  suadownj  Cape  Delia 
Mele  beiiig  on  the  port  bow^  and  the  land  composed  of  spurs 
of  the  Maritime  AX^f  being  about  fifteen  miles  distant,  we 
found  by  an  observation  of  Fohtris  that  the  variatioii, 
inpluding  deviation  as  before,  had  increased  to  2S°,  and  the 
captain  told  me  that  he  had  on  three  or  four  other  occasions 
,  found  the  same  thing,  or  rather  had  found .  that  the  ship 
steered  by  compass  had  not  at  this  particular  point  made  a 
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oanect  consse^  but^  that  he  Jiad  always  before  set  the  error 
down  to  a  strong  current,  which  he  had  assumed  to  sweep 
along  the  coast.  This  seems  a  well  authenticated  case  of 
error  induced  in  highly  magnetised  compasses  by  these 
mountains.  From  the  courses  steered  by  small  wooden 
coasters  in, company  with  us,  we  gathered  that  their  com- 
passes were  not  affected.  Working  the  ship's  dead  reckoning 
firom  noon,  I  place  her  at  the  time  of  the  morning;  amplitude 
in  lat.  42°  25-1',  long.  6"^  07*7'  E.,  and  at  night  when  the 
Taiiation  was  ascertained  by  an  obsenration  of  Polaris  in 
lat  4S"  84',  long.  7"  34^  E. 

Mr.  Baxbndbll  read  a  Paper  "  On  a  New  Variable  Star 
(T  AquilfiB)." 

On  the  night  of  the  28th  of  July  last,  I  observed  that  the 
star  No.  4078  of  Zone  +  16**  of  the  ^^  Bonner  Stermerzeich^ 
nUs^*  was  about  one  magnitude  and  a  quarter  less  than  its 
neighbour  No.  4079,  although  on  the  night  of  the  25th  of 
June  I  had  noted  down  these  two  stars  as  being  nearly  equal 
in  brightness.  Afterwards,  on  referring  to  my  notes  of 
reviews  of  this  part  of  the  heavens,  made  at  Mr.  Worthing- 
ton*s  observatory  on  August  19,  1869,  and  June  18, 1860,  I 
found  that  at  the  former  date  both  these  stars  were  seen,  and 
were  then  nearly  equal  in  magnitude ;  but  that  a  third  star. 
No.  4077,  was  invisible ;  while  under  the  latter  date  it  is 
stated  that  No.  4077  was  then  visible  and  estimated  to  be  of 
die  ninth  magnitude,  but  no  mention  is  made  of  the  two  stars 
Nos.  4078  and  4079.  I  have  since  made  a  careful  examina- 
tkm  <tf  the  positions  of  these  and  some  of  the  neighbouring 
stars,  and  have  satisfied  myself  that  the  star  seen  on  June 
18th,  1860,  was  No.  4079,  and  not  No.  4077  as  was  then 
supposed,  and  that  therefore  both  4077  and  4078  were  at  that 
time  invisible,  or,  at  all  events,  belovir  the  eleventh  magni- 
tude. After  the  28th  of  July  last  No.  4078  gradually 
diminished  in  brightness  until  about  the  24th  of  August, 
when  it  passed  a  minimum.     It  has  since  increased^  and 
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attained  a  ma:^mUmaT)dutt^  S6tfr~of  October.  -  'its utagnir 
iude  at  minimum  was  ll'S^  and  at  nmxiiniiifii  8*9^  the  range 
of  variation  being  therefore  2^4  inagnituites:  As  the  ratio  of 
light  em^byei  In  determining  the  magnitiideB  is  ^'61^,  it 
follows  that  the  brightness  of  the  new  Tariaole  is  nine  times 
greater  at  maximum  than  at  minimum.  The  observations 
made  since  the  28th  of  July  last,  compared  with  those  of 
August  i9t\^l  859,  and  June  18th,  1860,  imlteat^  a  period 
of  about  four  months. 

As  two  telescopic  variables  had  been  previously  discovered 
in  AquUa,  the  new  variable  will,  according  to  Professor 
Argelatf def^6  Isyjitem  of  nomenclature,  be  denote^  by  the 
letter  T. 

Taking  the  naked-eye  star  p  AqtdUB^  of  the  fifth  magtu- 
tude,  as  a  point  of  departure,  the  small  chart  annexed  to 
this  communication  will  enable  observers  whose  telescopes 
are  not  mounted ^^iii^^lljjr/jki^i^jl^  without 

difficulty.    The  magnitudes  of  the  comparison  stars  are :  — 

-•»'' W9*3.  X'--^'  <'r,  a:^MlO?44iuA 
Ji=9-4.  <?=110. 

''  ¥l^^inttgdttud^'hiit«*%eeri  JpfaoAomeftril^y 

by  th^afis'^of'Mri  BtiothcM^s^^Ifipt  Bia^fai^Lgm.f^.  I  ^may 

however  reiDark  that  the  ^esulJ;|5,  for  the  star  /  have  been 

rather  discordant,  and"  it  *  mjij  tnereftlre'  prove  ^id^W^  'SUghtly 
,  jranabie.  r  It  is  very  n6au  tlie  p|ace'  of  Ai-gelandeA  No. 
J  4077^  and  may  probajijly  W  tlie  star  'which' fi^ 'bbseired 

and  which  he  estimat^i  to  W  ot' tlfe  &-4  inkg^ittidb. '  The 

place  of  T  Aquilae  bought  up  to  ilS6S'^ 

"-Ml    /''    MM..,.,,.  .  J    ,. .  ...:.;.,.",'     o."r      !.../;  .f    >..    „:     ,.  ,,  . 
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'  ii      f.  -^ni.   ,.       ^     6  m.  8  m.  '  ' 


AnntidlM&etmg,  May  16(tb»v>1863. 
A.  ipt  JLa^hah^  Esq.,  i]E^^|^$  jQhair. 


. . :  i^J?^WH?^^M?'^.^^  "  !4|'?®^^*^^"^9f"^®  ^f  theCottpn  Fibre," 
,  .l^'ji^lJ^jg^^p  P'Nbijx,  F.(yj!^.,'wa8'  then  read,  in  which 
.  t^^jjmlhops^^  that  chl(inde  of  :dnc^  as  neutral  ns  it  could 
bp  iiUf4f;^l^.^digQ8ting  with  metallic  zino^  and  also  diluted 
.0i])p^W9^jffCi^i,would  under  favourable  circtmistauces  cxliibit 
all  the  phenomena  described  by  the  author  in  liis  first  com- 
munication.    Chloride  of  zinc,  however,  required  to  he  heated 
to  its  boiHng  point,  and  sulphuric  acid  appeared  very  capri- 
dous  in  its  action.    The  appearances  produced  by  these 
re-agents  lead  him  to  the  same  conclusions  with  regard  to  the 
structure  of  cotton ;  but  he  is  more  decidedly  of  opinion  than 
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he  was  before^  that  the  so-called  medullary  matter  is  in  reality 
a  shrunk  membrane  similar  in  appearance  to  the  membrane 
in  dried  quills.  FindiAgL- thai « all  kziown  sekents  of  cotton 
gave  the  same  appeasaaees,  Mr.  O'Neill. tried  the  action  of 
solvents  on  gun-cottdny  and  found  a  fartfajsr  confirmation  in 
the  action  of  ether  upon  it. 

It  is  well  knowmthat  there  are  two  modiioations  of  gun- 
cotton,  one  solubl^!  the  other  insoluble  in  ether;  but  the 
author  finds  three'  varieties— (I:)  Soluble  in  ether,  but 
insoluble  in  ammoakiet  of  copper;  (2.)  Insoluble  in  ether, 
but  soluble  or  dilutable  in  amoatooinret  of  copper;  and,  (3.) 
Perfectly  unacted  upon  ^either  by  ether  or  ammoniuret  of 
of  copper.  Operating  on  the  first  variety  on  the  stage  of  the 
microscope  with  ordinary  ether,  it  is  almost  instantly  dissolved 
•with  no  evidence  of  structure,  until,  after  a  while,  careful 
observation  shows  some  remains  of  spiral  vessels.  By 
gradually  diluting  the  ether  with  alcohol,  the  action  is 
slackened  until  a  point  is  arrived  at  when  exactly  the  same 
phenomena  are  produced  as  by  the  copper  solution.  About 
two-thirds  ether  and  one-third  alcohol  was  found  to  be  a 
suitable  mixture ;  but  this  will  evidently  vary  with  different 
preparations. 

Mr.  O'Neill  considers  the  number  of  turns  of  one  spiral  to 
be  certainly  not  greater  than  from  1100  to  1300  in  the  inch, 
and  generally  much  less  than  this^  the  mean  of  many 
countings  running  between  600  and  700  for  the  contracted 
fibre. 

Mr.  A.  G.  Latham  made  the  following  communication : — 
It  may  be  remembered  that  some  few  months  ago  I  pro- 
posed to  this  Section  as  a  subject  for  discussion,  '^  The  Causes 
of  the  Metallic  Lustre  of  the  Scales  on  the  Wings  of  certain 
Moths." 

I  then  suggested'tfaat  the  metallic  markings,  and  lustre  of 
the  scales  tiiemselves  forming  these  markings;  are  consequent 
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on  the  fact  of  the  scales  containing  a  particular  pigment  or 
colouring  matter^  while  other  members  thought  it  might  pro* 
ceed  solely  from  light  reflected  from  the  irregular  surfaces  of 
the  scales. 

On  examining  lately,  by  transmitted  light,  the  wings  on 
one  of  the  clear- winged  moths — Sesia  Tipuliformis — I 
found  on  the  transparent  portion  of  the  wing,  and  in  addition 
to  the  markings  on  the  wing,  certain  other  scales  of  battledore 
form  and  perfectly  transparent. 

An  examination  with  a  higher  power  showed  these  scales 
to  be  highly  striate,  and  therefore  in  the  most  proper  con- 
dition for  producing,  according  to  the  advocates  of  the  theory 
I  oppose,  metallic  lustre  and  metallic  markings;  and  that 
they  are  in  a  condition  to  produce  these  effects,  were  the 
theory  correct,  is  further  shown  on  examination  by  reflected 
light — ^when,  as  might  be  expected  from  the  markings,  the 
scales  are  most  beautifully  opalescent,  but*  wanting  internal 
pigment  give  out  no  metallic  markings  on  the  wing,  and 
a  strong  proof  is,  therefore,  given  in  favour  of  the  theory 
broached  by  me. 


Ordinary  Meeting,  October  19th,  1868. 
Prof.  W.  C.  Williamson,  F.R.S.,  in  the  Chair. 

The  following  paper  "On  Transparent  Injections,**  by. 
Messrs.  J.  G.  Dale,  F.C.S.,  and  Thos.  Davies,  was  read 
by  the  Secrbtaky.  ^ 

After  enumerating  the  various  desiderata  of  ^  transp^ent 
injecting  fluid,  it  was  observed  that  soluble  colouring  matters 
feiled  to  fulfil  them^  owing  to  the  action  of  endosmos,  causing 
them  merely  to  dye  the  tissue  sought  to  be  injected.  This 
defect  is  shown  to  be  remedied  by  the  use  of  insoluUe 
colouring  matters  in  an  exceedingly  fine  state  of  subdivision, 
whidi  can  only  be  prepared  by  precipitation  under  constant 


200 

agitation^  and  the  following  recipe  is  stated  to  suoceed 
admirably,  showing  vessels  of  ?oVo  of  an  inch,  with  a  dear 
outline  even  under  a  i  objectiTe,  without  any  grain  or  extra- 
vasation of  the  colouring  matter : — 

Take  180  grains  best  carmine,  ^  fluid  oz.  ammonia,  com. 
strength,  SG  0*92,  or  15  degrees  ammonia  meter,  3  to  4  oz. 
distilled  water.  Put  into  a  small  flask,  and  allow  to  digest 
without  heat  24  to  36  hours,  or  until  the  carmine  is  dissolved. 
Then  take  a  Winchester  quart  bottle,  and  with  a  diamond 
mark  upon  it  the  spot  to  which  16oz.  of  water  extend.  The 
coloured  solution  must  then  be  filtered  into  the  bottle,  and  to 
this  pure  water  must  be  added  until  the  whole  is  equal  to 
16oz.  Next  dissolve  600  grains  in  potash  alum  in  about  10 
fluid  oz.  of  water,  and  add  to  this  under  constant  boiling  a 
solution  of  carbonate  of  sodium,  until  a  slight  permanent  pre- 
cipitate is  produced.  Filter  and  add  water  up  to  16  fluid  os. 
Boil,  and  add  this  solution  while  boiling  to  the  cold  ammonia- 
cal  solution  of  carmine  in  the  Winchester  quarts  and  shake 
vigorously  for  a  few  minutes.  A  drop  now  placed  upon  white 
filtering  paper  should  show  no  colouring  ring;  should  it  do 
so,  the  whole  must  be  rejected.  Supposing  the  precipitation 
to  be  complete  or  v^  nearly  so,  shake  vigorously  for  half  an 
hour,  and  allow  to  stand  till  quite  cold ;  the  shaking  must 
then  be  renewed  and  the  bottle  filled  up  with  cold  water. 

After  allowing  the  precipitate  to  settle  for  a  day,  draw  off 
the  dear  supernatant  fluid  with  a  syphon.  Bepeat  the  wash- 
ing till  the  clear  fluid  gives  little  or  no  predpitate  with 
chloride  of  barium.  So  much  water  must  be  left  with  the 
fluid  that  at  last  it  must  measure  40  fluid  oz.  For  the 
injection  fluid  take  24oz.  of  the  above  coloured  fluid  and  3oz. 
of  good  gelatine,  allow  these  to  remain  together  all  night, 
then  dissolve  by  the  heat  of  a  water  bath,  after  which  it 
should  be  strained  through  fine  muslins.  On  injecting,  the 
ordinary  precautions  for  a  gdatine  injection  are  alone  neces- 
sary. 
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Professor  Wiixi  amsok  stated  that^  owing  to  the  unexpected 
absence  of  bis  esteemed  friend  Mr.  Sidebotham^  he  had  been 
suddenly  called  upon  to  give  the  members  of  the  Society  an 
address  at  tbe  opening  of  the  session*  With  so  short  a  warn- 
ing it  was  not  an  easy  task;  stilly  as  a  few  stimulating 
words  migbt  lead  to  extra  exertion,  he  would  make  a  few 
remarks  on  tbe  present  position  of  the  microscopic  observers. 
Their  numbers  in  Manchester  were  necessarily  small  com- 
pared with  London.  Perhaps  there  were  not  twenty 
nricroscopists  in  this  city  really  at  work;  few  were  able 
to  deyote  tbe  time  to  the  energetic  and  laborioiis  efforts 
which  original  investigation  required,  and  of  these  fewer 
had  tbe  talent  or  even  the  ambition  to  imdertake  what 
reqmres  weeks,  months,  nay,  often  years  of  arduous  toil.  The 
hindranoee  are  increased  by  the  fact,  that  there  is  rarely  a 
definite  end  sufficiently  certain  of  attainment  in  the  way  of  a 
new  discovery,  calculated  to  repay  the  expenditure  of  labour. 

Hence,  in  a  small  society  like  ours,  we  cannot  expect  great 
or  brilliant  results.  But  farther,  the  present  is  not  an  epoch 
fike  that  when  Ehrenberg  revolutionised  an  entire  branch  of 
science,  or  when  Greu  laid  the  foundations  of  vegetable 
physiology,  and  Malpighi  that  of  the  animal  kingdom.  These 
men  revealed  entirely  new  fields  of  enquiry.  But  though  no 
such  new  worlds  of  histology  are  opened  out  to  us,  there  are 
such  a  multitude  of  secondary  details  requiring  elucidation, 
that  we  cannot  take  up  a  plant  or  insect  without  stumbling 
upon  a  multiplicity  of  problems  awaiting  investigation.  One 
shrewd  observer,  when  eating  his  orange,  discovers  upon  them 
some  brown  scales.  He  follows  up  the  enquiry  they  suggest, 
and  the  result  is  an  elaborate  paper  on  the  coccus  of  the 
(Httnge. 

Even  where  members  are  not  prepared  for  original 
researches,  they  still  may  do  excellent  serrice  by  examining 
the  ground  gone  over  by  other  men,  whose  views  require 
corroboration  before  their  somewhat  startling  conclusions  can 
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be  unhesitatingly  received.  He  would  refer  to  such  inquiries 
as  Dr.  Hincks's  on  the  conversion  of  the  protoplasm  of  the 
volvox  into  free  moving  Amoebae  and  to  those  of  Dr.  Balbiani 
on  the  sexuality  of  the  Polygastrica,  as  illustrations.  These 
researches  require  re-examination  and  further  confirmation; 
and  whilst  the  latter  would  give  the  results  attained  a  fixed 
place  in  scientific  annals^  their  rejection,  should  they  prove 
erroneous,  would  remove  stumbling  blocks  out  of  the  way. 
In  fact,  all  discoveries  required  careful  re-investigation. 
Observers  were  often  too  sanguine,  and  drew  large 
inductions  from  small  and  defective  data,  and  this  work  of 
supervision  was  one  in  which  our  members  might  successfully 
engage.  He  also  thought  it  desirable  to  warn  the  members 
against  the  contracting  tendencies  of  minute  microscopic 
research  as  opposed  to  philosophic  breadth.  If  men  limit 
their  ambition  to  resolving  the  small  markings  of  diatoms 
apart  from  the  great  physiological  questions  to  which  they 
bear  relation,  they  will  inevitably  succumb  to  this  paralysing 
influence.  They  must  be  careful  not  to  lose  themselves  in 
the  mere  examination  of  details,  but  to  keep  in  view  that 
the  discovery  of  general  laws  should  be  their  object,  to  the 
attainment  of  which  the  former  was  only  a  means.  Mere 
details  were  useful,  but  to  limit  our  attention  to  them 
crippled  the  intellect,  and  rendered  it  unable  to  combine  them 
and  trace  out  tlieir  connection  with  general  laws.  It  was  by 
keeping  the  attention  fixed  on  this  higher  object  that  placed 
our  most  distinguished  histologists  on  the  pedestals  they  now 
occupy — and,  as  it  is  the  duty  of  every  man  to  do  what  he 
does  in  the  best  manner  he  can,  it  behoves  all  members  to 
keep  this  lofty  aim  carefully  in  view. 

The  results  would  then  not  only  advance  science  and 
benefit  their  fellow-men,  but,  if  worldly  fame  were  their 
object,  they  would  reap  it  in  the  fullest  measure  to  which 
they  were  entitled. 
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Ordinary  Meeting,  December  1st,  1863. 

K  W.  BiNNEY,  F.R.S.,  F.G.S.,  President,  in  the  Chair. 

A  Paper  was  read  by  J.  P.  Joule,  LL.D.,  entitled  *^  Note 
on  the  Meteor  of  February  6,  1818." 

This  meteor  is  noticed  in  Mr.  Greg's  very  complete  list  of 
these  phenomena  in  the  British  Association  Beport  for  1860. 
The  accoont  of  it  is,  however,  given  at  greater  length  in  the 
GenUeman^s  Magazine,  a  periodical  which  I  think  is  not 
included  in  the  large  number  of  works  consulted  by  Mr. 
Greg.  This  meteor  is  one  of  the  few  which  have  been  seen 
in  the  day  time,  and  is  also  interesting  as  having  been 
one  of  the  first  whose  observation  afforded  materials  for  the 
estimation  of  its  altitude.  In  the  work  just  referred  to  it  is 
described  as  follows :  — 

"  At  two  o'clock  p.m.  a  large  and  luminous  meteor  was 
seen  descending  vertically  from  the  zenith  towards  the  hori* 
zon,  in  the  northern  part  of  the  hemisphere,  by  persons  in 
the  neighbourhood  of  Cambridge*  The  most  remarkable 
circumstance  attending  this  phenomenon  is,  that  it  was  thus 
visible  in  broad  daylight,  the  sun  shining  at  the  same  time  in 
great  splendour,  in  a  cloudless  sky.  The  same  meteor  was 
seen  at  Swnffham,  in  Norfolk,  at  the  same  hour.  It  was  seen 
also  at  Middleton  Cheney,  near  Banbury,  in  the  county  of 
Northampton,  not  in  the  zenith,  but  perhaps  45*'  from  it,  in 
the  north  eastern  quarter  of  the  heavens,  shooting  along 
towards  the  north.  It  seemed  to  be  divided  into  two  before 
it  became  extinct." 

Thedistauce  between  Middleton  Cheney  and  Cambridge 
in  a  straight  line  is  61  miles ;  which,  therefore,  will  be  the 
elevation  of  this  meteor  above  the  surface  of  the  earth,  accord- 
ing to  the  above  observation. 

The  phenomena  presented  by  meteors  have  for  a  long  time 
occupied  a  good  deal  of  my  attention.     Many  years  ago  I 
published  my  opinion  that  they  arise  from  the  resistance  of 
Pbocxkdikgs— Lit.  &  Phil.  Suciktt— Ku.  7.— Sbbsiom,  1863-64. 
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the  atmbsphere  to  the  motion  of  bodies  which,  wandering 
through  space^  become  entangled  by  the  earth's  attraction.  I 
endeavoured  to  show  that  at  a  very  considerable  elevation  there 
would  be  sufficient  air  to  cause  the  liquefaction  and  even 
vaporisation  by  heat  of  bodies  moving  at  a  velocity  so  enorm- 
ous as  must  be  assigned  to  them  if  arrested  in  their  motion 
through  space.  Latterly  new  facts  have  been  collected  by 
the  Committee  of  the  British  Association^  and  also  new 
experiments  in  physics  have  been  made  bearing  on  the 
subject.  My  object  is  now  to  investigate  these  to  see  how 
far  they  confirm,  oppose,  or  modify  my  original  opinion. 

In  the  Report  of  the  Association  for  1862  we  have  the 
following  results  for  five  remarkable  meteors : — 

Uelght  at 


Dkte. 

1861- 

—July 

16. 

Aug. 

6. 

Nov. 

12. 

Nov. 

19. 

Dec, 

8. 

1862— Jan. 

28. 

Feb. 

2. 

B«giiiniiiff.  End.  Velooitj. 

•       lt70       .••••.       OD       ••••ta       Do 

.  126  21  35 

.  95  20  48 

.  55  SO  24 

.  110  46  23 

.  44  47  46 

.  190  16  89 

Average  ...     116    35     39 

Simultaneous  obstrvations  at  Havrkhurst  and  Cambridge 
of.  the  meteors  of  August  10th  of  the  present  year  give  for 

the  average  of  10 —  81     66    34 

ft 
The    above   results   give  us  a   very  good    idea   of  the 

height  and  velocity  of  meteors.    The  observations  are  attended 

by    some   difficulty,    so    that  errors    are    liable    to    occur 

in  individual  instances,    but  we  may  rely   on  the  general 

statement  that  the  larger  meteors   have  their  origin  at  a 

higher  elevation  than  the  smaller  ones,  and  that  they  attain 

a  nearer  distance  from  the  earth  at  the  end  of  their  course. 

In  addition    to  the  most  valuable  facts  collected  by  Mr. 

Herschel,  we  have  a  telescopic  observation  by  Schmidt,  of 
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the  Observatory  of  Athens,  of  a  splendid  meteor  on  the  19th 
of  October,  at  £  55  a.ni.  Mr.  Schmidt  was  occupied 
in  obserTing  shooting  stars,  and  saw  the  one  in  question 
at  its  commencement.  At  first  it  appeared  like  a  star  of  the 
fourth  magnitude ;  after  two  seconds,  it  was  of  the  second 
magnitude;  at  the  third  and  fourth  second,  it  surpassed 
the  splendour  of  Sirius.  It  slowly  passed  towards  the  west, 
appearing  a  dazzling  meteor  of  10'  to  15'  diameter.  At  this 
moment  M.  Schmidt  followed  the  meteor  with  his  telescope 
for  fourteen  seconds.  Its  appearance  was  most  remarkable. 
There  were  two  brilliant  bodies  of  a  yellowish  green  in  the 
form  of  elongated  drops,  each  followed  by  a  well  defined  tail 
of  reddish  colour.  These  were  followed  by  smaller  luminous 
bodies  of  the  same  shape,  each  followed  by  its  red  trace. 
The  meteor  disappeared  at  an  elevation  of  V  above  the 
horizon.  Four  minutes  afterwards  M.  Schmidt  still  observed 
the  remains  of  the  meteoric  train  of  a  yellowish  white,  and 
covering  an  area  of  nearly  5°. 

The  above  observation  is  extremely  important.  It  shows, 
firstly,  that  meteors  are  probably  for  the  most  part  of  a  com* 
pound  nature,  consisting  of  a  greater  or  less  number  of  bodies 
associated  together  by  the  force  of  gravitation — small  systems 
in  fact ;  and,  secondly,  that  they  present  evident  marks  of 
fusion,  either  in  the  whole  or  in  part,  after  passing  some  time 
throitgh  the  rarer  portions  of  our  atmosphere. 

The  researches  by  Professor  Thomson  and  myself  enable 
us  to  arrive  at  reliable  conclusions  with  respect  to  the  tem- 
perature  acquired  by  bodies  moving  rapidly  through  the  air. 
The  law  is  very  simple,  viz.: — The  temperature  ultimately 
acquired  by  the  moving  body  is  the  equivalent  of  the  force 
with  which  the  particles  of  air  come  in*  contact  with  it.  It 
is,  in  fact,  the  temperature  acquired  by  each  particle  of  air  on 
being  caught  and  suddenly  dragged  on.  This  temperature, 
cleared  firom  the  efiects  of  radiation,  is  1^  C.  for  a  velocity  of 
146  feet  por  second,  and  goes  on  increasing  with  the  square 
of  the  velocity. 
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Hence  we  find  that  tlie  ultimate  temperature  acquired  by 
a  body  moving  through  air  of  whatever  density  is  for  the 
velocity  of  39  miles  per  second  2000000°  C.  The  question 
to  be  solved  is  whether  at  the  known  height  of  meteors, 
as  above  stated,  the  density  of  the  air  is  sufficient  to 
give  rise  to  effects  in  quantity  sufficient  to  account  for  the 
actual  phenomena. 

Now  if  we  reckon  the  decrease  of  density  to  be  one 
quarter  for  every  seven  miles,  we  shall  find  the  quantity 
of  air  in  a  column  of,  say  a  mile  long  and  one  square  foot 
section,  to  be.  about  -0008  of  a  grain  at  the  height  of  116 
miles,  the  elevation  at  which  meteors  in  general  are  first 
observed.  The  temperature  acquired  at  the  surface  of  a 
meteorite  of  a  foot  section  and  of  the  specific  heat  '23,  moving 
at  the  average  velocity  at  the  average  highest  elevation  through 
one  mile,  will  be  -OOOS  gr.  raised  2000000*  C,  or  otherwise 
•2  gr.  raised  8000*"  C.  which  would  be  doubtless  able  to  fuse 
any  known  substance,  and  bring  it  to  a  condition  of  dazzling 
brilliancy.  The  meteorite  of  a  foot  section  might,  I  believe, 
have  ith  of  a  grain  of  its  surface  brought  to  this  condition 
in  its  passage  of  one  mile  in  the  -»Vth  of  a  second.  I  do  not 
tfamk  that  the  luminous  efiSect  would  be  neutralised  by  eon- 
duotioait  of  heat  to  the  interior  of  the  meteorite,  as  it  is  very 
likely  that  the  spheroidal  condition  would  be  produced.  I 
can  therefore  easUy  believe  that  the  ith  grain  at  3000°  C. 
would  give  sufficient  light  to  attract  an  observer  at  the 
distance  of  100  or  200  miles. 

From  data  given  in  Herschel's  "  Outlines  of  Astronomy*'  I 
find  that,  at  the  elevation  and  velocity  above  stated,  viz.,  116 
and  39,  and  supposing  as  before  the  entire  effect  to  be  given 
out  by  radiation,  a  meteorite  of  five  feet  diameter  would  have 
the  brilliancy  of  a  Ccntauri. 

As  the  metiBorite  descends  towards  the  earth  its  brilliancy 
win  increase  to  a  certain  point,  wheb,  fttntt  the  qtlantity  of 
fused  matter  j  a  Ion  get  tail  will  be  left  befaitid.  This  'piX)ces8 
will  of  course  be  sustained  fobr  a  loiifer  time  by  tli^*  larger 
meteorites,  which  are  thus  enabled  to  peio/t^ate  to  a  nearer 
distance  from  the  earth's  surface. 
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Ordinary  Meeting,  December  15,  1863. 
J.  P,  Joule,  LL.D.,  F.R.S.,  Vice-President,  in  the  Chair. 

Mr.  Robert  Leake  was  elected  an  Ordinary  Member  of  the 
Society. 

J.  C.  Dyer,  V.P.,  read  a  Paper  entitled  '*  Notes  on  some 
recent  Discoveries  in  Elemental  Physics." 

He  stated  that  the  discoveries  in  question  related  to  the 
nature  of  heat  and  force.  From  the  earliest  times  the  nature 
of  heat  had  been  treated  upon  opposite  theories ;  the  one 
maintaining  heat  to  be  a  material  element  sui  generis,  per- 
vading space  and  bodies^  but  in  itself  imperceptible  except 
by  the  effects  it  produces  in  connection  with  bodies :  the  other 
theory  considering  heat  to  be  the  result  of  mechanical  force 
exciting  the  particles  or  molecules  of  bodies^  and  producing 
the  effects  of  sensible  heat  in  them.  Boerhaave  was  among 
the  most  able  expounders  of  the  former  theory^  Bacon  and 
Boyle  of  the  latter. 

In  later  times  the  materiality  of  heat  has  been  forcibly 
sustained  by  the  discoveries  of  the  existence  of  latent  or 
specific  heat  in  bodies,  by  the  experiments  of  Drs.  Black, 
Irvine,  Crawford,  and  others ;  whilst  the  mechanical  origin 
of  heat  has  been  sustained  by  the  experiments  of  Count 
Hnmford  and  of  Dr.  Joule. 

Upon  these  conflicting  views  many  able  treatises  have 
been  written  on  both  sides ;  yet  the  question  as  to  the  nature 
of  heat  remains  involved  in  such  obscurity  as  to  require  far 
more  decisive  evidence  than  has  yet  appeared  for  settling 
either  of  them  upon  a  sound  and  immovable  basis. 

Pbocbidinm— Lrr.  &  Phil.  Socibtt— No.  8.— Session,  1863-64. 
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The  author  ga^e  several  extracts  from  the  able  address  of  the 
Presideot  (Sir  W.  Armstrong)  delivered  at  the  last  meeting 
of  the  British  Association — ^Newcastle,  August,  1868  — 
wherein  Sir  William,  in  support  of  the  meehanical  theory  of 
heat,  adduced  several  foots  and  considerations  vrhieh  appear 
inconsistent  with  that  doctrine,  or  the  non-^ateriality  of 
heat ;  and  as  he  assumed  the  dynamieal  theory  of  heat  to  be 
probably  the  most  important  discovery  of  the  present  century, 
Mr.  Dyer  was  led  by  the  same  facts  and  considerations,  as 
well  as  by  many  others  which  be  has  himself  adduced,  to 
conclude  that  no  such  definitive  discovery  has  been  made  in 
our  times,  and  that  the  question  as  to  the  entity  or  nonentity 
of  heat  remains  in  the  like  obscurity  in  the  present  as  it  was 
in  the  beginning  of  the  last  century. 

The  author  then  quoted  some  passages  from  the  lectures  of 
Professor  Tyndall,  "  on  the  forms  and  action  of  water,**  and 
on  radiation  through  the  atmosphere,  wherein  the  Professor 
had  assumed  that  great  mechanical  forces  were  exerted  in 
the  combination  of  the  gases  to  form  water,  as  also  in  the 
changes  of  water  from  its  several  conditions  of  solid,  liquid, 
and  vapour,  and  vice  versa,  giving  the  sum  of  such  forces  in 
equivalents  of  a  ton  weight  falling  from  different  heights ; 
which  phenomena  Mr.  Dyer  considers  as  solely  due  to  the 
chemical  forces  called  into  action  by  those  changes  in  the 
forms  and  action  of  water ;  and  as  the  latter  class  of  forces 
consists  of  the  affinities  and  repulsions  of  the  particles  of  the 
water  excited  by  the  different  degrees  of  heat  combined  there- 
with, the  assumption  of  such  mechanical  forces  being  exerted 
in  those  mutations  is  untenable* 

In  giving  the  results  of  his  interesting  experiments  of 
.  the  absorption  of  heat  by  aqueous  vapour  in  the  air,  aad 
of  its  free  radiation  through  dry  air,  the  Professor  says 
that  **  this  newly  discovered  property  of  transparent  aqueous 
vapour  must  exercise  immense  influence  on  the  pheno- 
mena   of  meteorology;"    but    Mr.  Dyer    gave  quotation^ 
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hma  Dr.  Dalton  (m  the  HemoirB  of  this  Society)  and  {torn 
Dr.  ThoniBQlii'A  System  of  Chemietryy  pCiblkhed  dotbe  sixty 
years  ago^  wherein  tbe  absorfftion  and  radiatidn.  of  heat  by 
aqueous  vapour  in  the  formation  fmd  dissolution  of  douds^ 
dew,  fogs,  &C.9  ate  clearly  explained  upon  the  established 
doctrine  of  the  mutation  of  heat  iteciproca^  from  and  into 
latent  and  sensible  states;  hence  the  doubt  as  to  any  new 
discovery  oo  these  points* 

To  give  the  course  of  reasoning  submitted  by  the  atthc* 
against  the  mechanical  theory  of  heat,  and  to  sustain  that  of 
a  material  caloiific  element^  would  require  a  more  copious 
abstract  of  his  paper  than  the  limits  of  the  printed  Proceed- 
ings would  allow ;  so  that  while  calling  in  question  both  the 
novelty  and  the  soundness  of  the  discoveries  on  which  he  has 
commented;  he  refers  to  his  paper  in  extenao  for  the  explana- 
tion of  liis  own  views  on  tiie  nature  of  a  material  calorific 
donent,  and  of  the  elastic  forces  exerted  by  the  mutations  of 
such  elements. 


MICROSCOPICAL    SECTION. 

October  19,  1863. 
Professor  Williamson  in  the  Chair. 

A  letter  from  Captain  J.  Mitchell,  dated  Madras,  the  18th 
May,  18^,  was  read,  of  which  the  following  is  mi  extract: 

The  view  that  the  universal  form  of  cotton  hairs  is  a 
flattened  fibre  consisting  of  scarcely  anything  but  membrane, 
is  by  no  means  novel ;  for  mueh  the  same  description  <if  the 
cotton  fibre  has  been  given  by  Quekett,  Henfry,  and  many 
otiiers.  indeed  that  opinion  is  general.  Almost  every  one 
you  ask  will  tell  you  that  the  cotton  fibre  is  flat  and  twisted, 
or  perhaps  a  flat  spiral.    That  this  is  net  the  general  form  of 
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the  hairs  of  good  cotton  any  microscopist  may  satisfy  himself 
in  five  minutes.  An  examination  of  many  varieties  of  cotton 
hfis  led  me  to  believe  that  in  those  descriptions  which  find 
most  favour  in  the  English  market  there  is  a  very  large  pro- 
portion of  hairs  that  ai:e  entirely  or  nearly  filled  with  second- 
ary deposits ;  and  on  the  contrary,  in  the  low  priced  cotton 
the  flat  fibre  consists  of  hardly  anything  but  membrane  ;  in 
fact^  an  apparently  undernourished  cell  predominates.  The 
knotty  portions^  which  I  believe  are  considered  refuse,  con- 
sist almost  entirely  of  these  flat  fibres.  I  believe  that  the 
absence  of  secondary  deposit  is  an  indication  of  careless  cul- 
ture, or,  what  is  much  the  same  thing,  of  a  poor  soil. 


November  16th,  1863. 
J.  SiDEBOTHAM,  Esq.,  President  of  the  Section,  in  the  Chair. 

The  Prbsipekt  exhibited  some  spurious  gold  slides,  on 
which  he  remarked  that  the  first  offered  for  sale  were  made 
by  rolling  gunsunedsand  in  gold  leaf,  some  even  more  roughly 
by  dabbing  gold  leaf  on  sand  gummed  to  the  slide ;  whereas 
the  practice  now  appears  to  be  to  electro-plate  plumbago^  the 
result  of  which  however  differs  from  the  nugget-*like  form  of 
real  gold  by  being  nicely  broken  off  at  what  would  be  the 
axigles.  Some  very  good  imitations  were  made  by  boiling 
plimibago  in  oxalic  acid  and  chloride  of  gold. 

Mr*  C.  O'Nbil  stated  that  very  beautiful  spires  of  gold 
were  observable  on  the  surfece  of  auriferous,  quartz  boiled  in 
carbonate  of  soda  and  then  submitted  to  the  action  of  heat 
for  a  short  time  under  the  muffle. 

The  Fbesidekt  exhibited  Phascum  rectum  and  Hookeria 
lucens  in  fruit. 
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*  Ordinary  Meeting,  December  29th,  1863.  ** 

R  W.  BnnfBT,  FJIJS.,  F.G.S.,  President,  in  the  Chair. 

Mr.  SiDEBOTHAM  exhibited  tw6  photographs  which  he  had 
taken  from  a  book  in  the  possession  of  Mr.  Buxton,  of 
Daresbury,  entitled  ^'Histoire  de  la  Navigation  aux  Indes 
Orien tales,  par  les  Hollandois,**  Amsterdam,  1609,  One  of 
those  represents  the  title  '  page,  which  is  interesting  as 
showing,  in  the  map  of  Africa  which  it  contains,  the  course  of 
the  Nile  and  the  two  lakes  from  which  it  springs,  one  of 
tbom  having  two  outlets.  The  other  photograph  shows, 
among  figures  of  other  productions  of  the  Mauritius,  that  of 
the  Dodo.  It  would  appear  that  this  is  the  earliest  figure  of 
this  now  extinct  bird.   -    '  * 

T.  T.  Wilkinson,  F.R.A.S.,  &c.,  communicated  the 
folklwing  note  on  the  late  meteor.     '  ^  * 

On  December  5th,  1863,* at  about  7h.  65m.  p.m.,  I  observed 
a  very  brilliant  meteor  at  Haslingden.  It  passed  from  the 
noi  th  towards  the  west,  and  was  first  visible  to  me  when 
neat  to  7  XTrstB  Majorts.  The  nucleus  was  of  an  egg-like 
foini,  the  head  being  intensely  bright  and  considerably 
brcmder  than  the  rest.  *'  The  atmosphere  was  quite  clear  at 
the  time,  and  hence  I  had  a  good  view  of  its  whole  passage. 
Its  color  was  pale^  blue,"* and  the  light' it  emitted  was  so 
intense  that  the' public  gas  lamps  were'  immediately  put  into 
shade  and  suddenly  threw  their  shadows  across  the  road. 
The  tail  of  the  meteor  gradually  tapered  to  a  point,  and 
ap]>eared  to  give  out  sparks  of  a  purplish  tint.  When 
ab(Mit  4''  beneath  a  LyrcBy  the  meteor  exploded,  and 
then  the  sparks  were  so  variegated  in  color — the  red  and 
pnrple  tints  prevailing — that  they  gave  me  the  idea  of  a 
rocket,  and  I  for  a  moment  thought  that  the  Haslingden 
people  were  doing  this  in  honor  of  the  Marquis  of  Harting- 
ton's  visit  to  their  town.  This  illusion  was,  however, 
immediately  dispelled.  The  whole  time  of  passage  did  not 
Pboobbdimoi— Lit.  &  Phq..  Socibtt— No.  9.— Session,  1863-64. 
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occupy  more  than  a  few  seconds.  Although  several  hundreds 
of  persons  witnessed  the  phenomenon,  I  cannot  find  that 
any  one  heard  any  sound  made  by  the  meteor  either  during 
its  passage  or  on  its  explosion. 

Edwaed  Hull,  B.A.,  F.G.S.,  read  a  paper,  entitled 
"  Additional  Observations  on  the  Drift-Deposits  and  moix? 
recent  Gravels  around  Manchester." 

The  object  of  this  paper  was  to  show  that  the  drift  or  post- 
pliocene  deposits  of  the  borders  of  Lancashire,  Cheshire,  and 
Derbyshire,  are  divisible  into  three  stages,  viz.: — 

1.  Upper  boulder  clay. 

2.  Middle  sand  and  gravel. 
S,  Lower  boulder  clay. 

The  2  and  3  members  had  already  been  described  by  the 
president,  Mr.  E.  W.  Binney  ("  Mem.  Lit.  and  Phil.  Soc.*' 
vol.  viii.,  2nd  series),  as  also  a  lower  bed  of  sand  and  gravel, 
of  whose  existence  as  a  distinct  subdivision  the  author  had 
considerable  doubts,  and  considered  it  as  merely  accidental. 
The  upper  boulder  clay  had  also  been  alluded  to  by  Mr. 
Binney,  but  the  author  considered  it  to  be  quite  as  important 
as  the  lower,  both  in  thickness  and  area. 

The  author  had  found  that  these  subdivisions  rose  from  the 
plain,  or  the  Valley  of  the  Mersey  towards  the  hills  both  nwrtli- 
ward  in  the  direction  of  the  Bolton  moorlands,  and  eastward 
towards  the  Derbyshire  and  Cheshire  hills;  and  amongst 
these  uplands  only  the  upper  boulder  clay  and  the  gravel  made 
their  appearance.  These  divisions  of  the  drift  had  already 
been  traced  in  an  area  of  several  hundred  square  miles. 

The  author  also  described  a  very  wide-spread  river  terrace 
stretching  along  the  Valleys  of  the  Mersey  and  Irwell  from 
Didsbury  and  Manchester  westward  to  near  Warrington,  and 
stretching  from  Altrincham  to  Eccles.  He  considered  this  old 
terrace  of  gravel  to  have  been  formed  at  a  time  when  the  sea 
extended  further  up  the  valley  than  at  present,  and  the  rivers 
covered  during  floods  a  much  wider  area  than  at  present. 
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Ordinary  Meetings  January  12, 1864. 
J.  C.  Dysb,  Esq.^  Yice-Presidenty  in  the  Chair. 

The  President^  in  the  name  of  a  number  of  members, 
presented  to  the  Society  a  Portrait  of  one  of  its  Vice-Presi- 
dents, J.  P.  Joule,  LL.D.,  F.E.S,,  by  G.  Patten,  A.R.A.,  of 
London,  and  intended  to  be  hung  up  on  the  walls  of  the 
meeting  room. 

On  the  motion  of  Professor  Cheistik,  seconded  by  Mr. 
Atkinson,  it  was  resolved,  ^'  That  the  best  thanks  of  the 
Society  be  given  to  Mr.  Binney  and  the  other  donors  of  Dr. 
Joule's  valuable  portrait** 

Mr.  John  Kogerson  was  elected  an  ordinary  member  of  the 
Society. 

On  the  motion  of  Mr.  Dyer,  seconded  by  Mr.  SmEfiOTHAM, 
it  was  resolved,  ^^That  the  Society  do  hereby  authorise  the 
Council  to  procure  a  die  for  a  medal,  and  to  settle  the 
design.^' 

The  following  extract  from  a  letter  from  T.  T.  Wilkinson, 
F Jft.A.S,  was  read : — '*  On  referring  to  the  article  *  Dodo,* 
in  the  English  Oychpcedia,  I  find  that  Mr.  Sidebotham  is 
mistaken  in  supposing  that  his  photographs  exhibit  'the 
earliest  figure  of  this  now  extinct  bird.'  The  frontispiece  of 
De  Bry's  '  Quinta  Pars  Indice  Orientalis,'  A.D.  1601,  con- 
tains '  a  pair  of  these  birds  on  the  cornice  on  each  side'  of  the 
ornamental  border.  Clusius,  in  his  ^Exotica/  A.D.  1605, 
also  gives  a  figure,  which  he  says  is  copied  from  the  Journal 
of  a  Dutch  Voyager,  who  had  seen  the  bird  in  a  voyage  to 
the  Moluccas  in  A.D.  1598.  Mr.  Buxton's  ^Histoire* 
appears  to  follow  next  in  order ;  since  the  Journal  of  Admi- 
ral Peter  Wilhelm  Verhuffen,  as  quoted  by  the  late  Mr. 
Strickland,  was  printed  at  Frankfort,  in  A.D.  1613." 

pBOfiBBDi]i€W-LEr.  &  Fhil.  Socobtt— No.  10.— SauiON,  1868-64. 


314 

The  Pbbsidbkt  said  he  wished  to  make  a  few  remarks  on 
the  Lancashire  and  Cheshire  Drift.    In  the  year  1841  he  first 
attempted  to  class  the  drift  deposits  found  in  the  neighbour- 
hood of  Manchester,  in  a  small  Paper  with  a  map,  which  he 
prepared  for  the  Statistical  Society  of  Manchester.     In  that 
Memoir  he  divided  the  foreign  drift  in  the  ascending  order : 
(1)  lower  sand  and  gravel;   (2)  till;  (3)  upper  sand  and 
gravel;  and  he  described  the  more  modem  deposits  found  in 
valleys ;  (No.  4)  as  valley  gravel.    This  order  he  adopted  in 
a  Paper  read  before  the  Manchester  Geological  Society  on 
the  22nd  December,  1 842 — "  Notes  on  the  Lancashire  and  Che- 
shire Drift," — and  printed  by  that  Society  in  their  proceedings 
of  1843.     In  that  Paper,  in  treating  of  the  upper  beds  of 
sand  and  gravel,  he  says—:"  At  Manchester,  it  (the  Higher 
Drift)  is  composed  of  lower  gravel,  till,  and  sand  and  gravel, 
while  at  Heywood  and  Poynton,  near  the  base  of  the  Pennine 
chain,  the  beds  of  sand  and  gravel  are  parted  by  several  beds 
of  loam  and  clay."    Again,  in  speaking  of  Na  3  deposit,  he 
says — *^  The   gently  rising  lands   of  the   two  counties  are 
generally  composed  of  this  deposit.     It  varies  much  both  in 
its  composition  and  thickness.     Near  the  sea  at  Ormskirk, 
the  till  is  sometimes  found  without  it ;  but  as  you  proceed  to 
the  Ektst  it  makes  its  appearance,  and  gradually  thickens 
until  it  attains  its  greatest  thickness  near  the  base  of  the 
Pennine  chain:  not  only  does  it  increase  in  thickness,  but  it 
becomes  more  complex,  and  contains  beds  of  clay,  marl,  and 
loam  of  several  yards  in   thickness.      The  country  lying 
between  Manchester,  Bolton,  Bury,  Rochdale,  Ashton,  and 
Stockport,  for  the  most  part  is  upon  it,  and  forms  one  great 
sand  bank,  which  continues  South  into  Cheshire."    The 
same  classification  he  adopted  in  two  Papers,  one  on  the 
Drift  of  Manchester,  and  the  other  on  the  same  deposits  at 
Blackpool,  printed  in  Vols.  VIII*  and  X.  of  the  Society's 
Memoirs,  as  well  as  in  a  Paper  printed  in  the  Manchester 
Geological  Society's  Transactions  for  June>  1862. 
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Mr.  Holly  in  his  communication^  lead  at  the  last 
meeting  of  the  Society^  divided  the  higher  drift  deposits 
into  (in  descending  order):  —  ^*(1)  Upper  Boulder  Clay; 
(2)  Middle  Sand  and  Gravel ;  and  (3)  Lower  Boulder  Clay. 
The  Nos.  2  and  8  had  been  described  by  the  President 
as  also  a  lower  bed  of  sand  and  gravel,  of  whose  existence 
he  (Mr.  Hull)  had  considerable  doubts,  and  considered  it 
as  merely  accidentaL"  Now,  in  his  (the  President's) 
Paper  on  the  Drift  of  Manchester,  11  sections  of  weUs 
and  bores  are  given,  and  in  ten  of  those  the  lower  sand  and 
gravel  had  been  met  vnth;  thus  shewing  that  it  can  scarcely 
be  considered  as  merely  accidental,  as  Mr.  Hull  states.  In 
many  other  sections  since  examined  in  Lancashire,  this 
deposit  has  also  been  found  under  the  till.  With  regard  to 
the  upper  bed  of  boulder  clay,  Mr.  Hull  stated  that  he  (the 
Pteflident)  had  alluded  to  it,  but  Mr.  Hull  considered  it  to 
be  quite  as  important  as  the  lower,  both  in  thickness  and 
area. 

The  old  term  '*  till  '*  is  as  good  as  that  of  boulder  clay,  and 
as  it  has  been  long  used  there  is  not  much  use  in  changing 
it.  During  the  last  twenty  years  he  had  collected  many 
£ftctfi,  which  he  intended  to  publish  when  he  had  completed 
hia  collection,  but  these  did  not  show  one  bed  of  clay  or 
marl  which  could  be  called  upper  boulder  clay,  but  several ; 
in  fact  there  were  numerous  intercalations  of  it  in  the  sand 
and  gravel,  one  of  which  he  had  seen  occurring  at  Kersall 
Moor  entirely  surrounded  by  sand.  To  show  the  complexity 
of  these  deposits,  and  the  difficulty  of  reducing  them 
to  two,  he  gave  two  sections,  one  near  Hyde  and  the 
other  at  Outwood,  where  the  following  strata  were  met 
with: — 
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HYDE.  f^etln. 

Clay     11   0 

Quick  sand S  6 

Strong  marl    22  6 

Quick  sand 2  6 

Loam  with  pebbles. . , ,  12  6 

Buck  leaf  marl 19  0 

Drysand 9  0 

Quick  sand  and  loam,  •     6  0 

Gravel   8  0 

Loam 7  6 

Gravel  and  sand.  •  •  • . .    3  0 

Clay  and  loam    16  6 

Gravel  and  soft  metal 

containing  pebbles...  10  0 
Coal  measures 


OtmrOOB.  feet  to 

Bog 11  0 

Quick  sand 53  8 

Buck  leaf  marl 31  2 

Bed  sand    and  gravel 
with  a  yard  of  clay 

init 16  0 

Toad-back  marl 82  8 

Gravel   8  0 

Coal  measures 


145  8 


124  0 


From  the  position  of  the  Outwood  section  in  a  slight 
depression,  and  the  higher  grounds  adjoining  being  capped 
with  a  bed  c^  clay  containing  pebbles  eight  or  ten  feet  in 
thickness,  another  deposit  of  clay  should  be  placed  on  its  top. 
Thus  in  one  case  there  are  six  beds  of  boulder  clay,  and  in  the 
other  only  three.  These  are  two  of  the  many  instances  which 
could  be  adduced,  and  suggest  caution  in  attempting  to  clas- 
sify these  deposits  without  collecting  and  consulting  numerous 
sections. 


A  Paper  was  read  entitled  "  Enquiry  into  the  question. 
Whether  excess  or  deficiency  of  Temperature  during  part  of 
the  Year,  is  usually  Compensated  during  the  remainder  of 
of  the  same  year,"  by  G.  V.  Vernon,  F.R.A.S..  M.B.M.S. 

In  order  to  see  what  truth  there  might  be  as  to  the  tem- 
perature of  part  of  the  year,  if  above  or  below  the  average, 
being  compensated  during  the  remainder  of  the  year,  the 
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mean  monthly  temperatures  for  9^  years  for  Grreenwich^  have 
been  made  use  of.  From  1771  la  1849,  the  observations  are 
those  supplied  by  Mr.  Glaisher,  in  the  Philosophical  Trans- 
actions for  1850.  The  mean  monthly  temperatures  from  1850 
to  1862^  are  those  given  in  the  Grreenwich  Observations. 

The  di£ferenc6  between  the  mean  temperature  of  each 
month  and  the  92  years'  average  for  the  same  month  was 
found  for  every  month  during  the  year,  and  the  figures  were 
collected  into  two  columns  according  as  they  were  positive  or 
negative.  The  sums  of  these  two  columns  will  be  found  in 
the  table  annexed  to  this  Paper,  and  serve  to  show  the 
number  of  degrees  the  mean  temperature  was  above  and 
below  the  average  during  the  y^r.  These  figures  have  been 
laid  down  in  a  diagram  annexed,  and  which  show  the  irre* 
gular  character,  and  at  the  same  time  proves  most  distinctly 
that  if  the  mean  temperature  is  above  or  below  the  average 
during  part  of  the  year,  it  by  no  means  follows  that  the 
converse  holds  good  during  the  remainder  of  the  year. 

During  the  98  years,  there  were  28  in  which  the  total  excess 
or  deficiency  of  the  mean  temperature  amounted  to  over  20°. 
There  were  28  in  which  it  aiftounted  to  firom  10°  to  20°;  19 
years  in  which  it  amounted  to  at  least  6°,  and  22  in  which  it 
was  less  than  5°. 

During  a  very  small  number  of  years  only  is  the  mean 
temperature,  viewed  in  this  manner,  at  all  in  a  proximate 
state  of  equilibrium  during  the  year. 

The  variations  below  the  average  reached  their  maximum 
value  during  the  period  1781  to  1791,  every  year  but  1781 
being  below  the  average.  From  1841  to  1851  there  was 
only  one  year  below  the  average;  and  from  1851  to  1861, 
only  two  years  below  the  average, 

Cai-eful  inspection  of  the  annexed  diagram  at  once  shows, 
that  these  variations  are  exceedingly  irregular,  and  show  no 
approach  to  periodicity  of  any  kind  whatever. 
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Another  Paper  was  also  read  by  Mr.  Vbenon,  entitled^ 
^'  Examination  as  to  the  Truth  of  the  Assertion  that  when 
November  has  a  Mean  Temperature  above  the  average,  it  is 
usually  followed  by  Excessive  Cold  between  the  December 
and  March  following." 

In  the  table  annexed  to  this  Paper  all  the  years  since 
1771,  in  which  November  had  a  mean  temperature  above 
the  average,  are  tabulated,  as  well  as  the  differences  from 
the  mean  of  the  succeeding  months  of  December,  January, 
February,  and  March. 

Following  a  warm  November  we  find  the  following  figures : 

Number  of  Komber  of 

HouthB.  MonUu  Months 

above  the  Avenge.  below  the  Average. 

December S5  15 

January 22  19 

February  21  20 

March   23  16 

Sums 91     70 

Or  91  months  above  the  average  against  70  months  below 
the  average. 

In  place  of  a  warm  November  preceding  excessive  cold, 
we  find  that  in  most  of  the  years  in  which  severe  frosts  have 
occurred  early  in  the  year,  the  November  previous  has  had  a 
mean  temperature  below  the  average. 

November,  1784,  had  a  temperature  1*7*'  below  the  average, 
succeeded  by  December  7*8°  below,  January  Oi""  above, 
February  7*8''  below,  and  March  7'0*'  below  the  average. 

The  great  frost  which  set  in  severely  on  January  6,  1814, 
was  preceded  by  a  November  2*2°  below  the  average,  and 
December  2*2°  below  the  average  temperature;  January  was 
88^  below,  February  4-2'', and  March  5*8''  below  the  average 
temperature. 

The  cold  period  in  January  and  February,  1838,  was  also 
preceded   by    a   November    1*3°    below  the  average,  and 
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December  18*4'*  above ;  January,  1888,  was  6-8^  below,  and 
February  5*9^  below  tbe  average  temperature. 

Cold  winters  succeeding  a  warm  November  appear  to  be 
very  few  in  number,  and  generally  these  winters  are  pre- 
ceded by  a  November  not  much  above  the  average,  as  in 
1783,  1794,  and  1799,  in  which  years  the  mean  temperature 
of  November  was  only  O'S*",  0-9°,  and  0.5°  above  the  average 
respectively. 

November,  1822,  and  1846,  were  the  only  two  Novembers 
much  above  the  average  which  were  followed  by  a  cold 
period  immediately  afterwards. 

A  Paper  was  read  entitled  ^*Note  on  the  amount  o( 
Carbonic  Acid  contained  in  the  air  of  Manchester,"  by 
Henry  E.  Eoscoe,  B.A.,  Ph.D.,  F.R.S. 

Determinations  of  the  quantity  of  carbtmic  acid  contained 
in  the  air  of  towns  have  benn  mad(5  by  Dr.  Angus  Smith  in 
Manchester,  and  by  Lewry  in  Paris;  but  as  the  experi- 
ments hitherto  made  upon  the  subject  are  few  in  number, 
and  have  yielded  somewhat  remarlsable  results,  it  appeared 
of  interest  to  carry  out  a  series  of  determinations  of  atmo- 
spheric carbonic  acid,  made  by  unimpeachable  methods, 
and  extending  for  a  considerable  time,  imder  wide  variation 
of  weather. 

The  analytical  method  employed  was  the  excellent  volu- 
metric one  proposed  by  Pettenkofer,  and  this  was  checked  in 
several  instances  by  simultaneous  weight  determinations 
made  by  absorption  in  caustic  potash.  The  close  agreement 
of  the  results  in  experiments  Nos.  8  and  9;  Nos.  15  and  16; 
Nos.  42  and  48 ;  and  Nos.  46  and  46,  in  the  accompanying 
table,  gives  proof  of  the  reliability  of  the  methods.  The 
experiments  were  made  under  my  supervision  by  Mr.  Arthur 
Mc.  Dougall. 

In  the  case  of  the  weight  analyses,  a  given  volume  (not 
lesB  than  86  litres)  of  air  was  drawn  in  the  first  place  over 
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thiee  weighed  tubes  containing  sulphuric  acid  and  pumice- 
stone^  the  weight  of  the  third  tube  being  shown  to  remain 
constant ;  the  air  then  passed  through  a  Liebig's  Bulbs  con- 
taining potash^  oyer  two  tubes  oontaining  solid  potadh ;  and^ 
lastly^  through  two  tubes  containing  sulphuric  acid  and 
pumiee-stone,  the  weight  of  the  second  of  these  remaining 
oHistant.  Tlie  volumetric  analyses  were  made  in  globes  of 
7-10  litxes  capacity,  with  standard  solutions  of  Baryta-water 
and  Oxalic  acid^  exactly  according  to  the  method  described  by 
Pettenkofer. 

The  accompanying  Table  gives  the  results  of  64  separate 
determinations  of  the  carbonic  acid  in  the  open  air  of  Manchester 
and  the  neighbourhood,  made  during  the  autumn  and  winter 
months  of  1862-63-64 ;  days  being  especially  chosen  upon 
which  the  amount  of  carbonic  acid  might  be  considered 
likely  to  be  the  greatest. 

The  first  and  most  important  conclusion  to  which  these 
experiments  lead  is  that  the  amount  of  carbonic  acid  con- 
tained in  Manchester  town  air  differs  but  very  slightly  (if  at 
all)  from  that  contained  in  the  air  of  the  neighbouring 
country.  Thus,  from  experiments  Nos.  23  and  24,  made  at 
Stretfoid  (four  miles  west  of  Manchester)  with  the  wind 
blowing  towards  Manchester,  the  quantity  of  carbonic  acid 
found  on  Feb.  3,  1863,  was  3'85  volumes  in  10,000  volumes 
of  air,  as  mean  of  two  experiments,  whereas  on  the  same  day 
the  quantity  found  in  the  centre  of  Manchester  (Owens 
College)  was  found  to  be  3*90  vols,  in  10,000  vols,  of  air,  as  a 
mean  of  two  experiments.  Nos.  31,32,  and  33,  made  at  Stretford 
on  Feb.  19th,  1863,  a  damp  day,  with  wind  blowing  from 
Manchester,  showed  a  mean  of  2*77  vols,  of  carbonic  add^ 
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whilst  at  Manchester^  on  the  same  day^  the  volume  of  carbonic 
acid  was  found  to  be  2*8  in  10^000  vols,  of  air. 

The  maximum  quantity  of  carbonic  acid  was  found  in 
Manchester  air  on  January  7th,  1864,  (on  which  day  there 
was  a  dense  fog)  when  the  amount  reached  5*6  vols,  per 
10,000  of  air ;   the  minimum  quantity  on  February  19th, 
1868,  being  2.8  vols,  per  10,000  of  air.     The  mean  of  46 
determinations  made  in  the  centre  of  the  town  of  Manchester, 
gives  the  volume  of  carbonic  acid  as  S'92  in  10,000,  and 
that  of  eight  experiments  made  outside  the  town  gives  the 
number  4*02  as  the  composition  of  the  country  air  regard- 
ing carbonic  acid.    These  numbers  closely  agree  with  j 
determination  by  wei^t  which  I  made  in   London,   v 
February    27th,  18S7,   from    which  the   carbonic  aci^ 
London  air  was  found  to  be  3*7  vds  per.  10,000.  ^  ^^^«- 

Experiments  47, 48,  and  49  prove  that  contiguous  i^u, 
may  lower  the  amount  of  atmospheric  carbonic  acid  from 
4-8  to  8-3  volumes  per  10,000. 

The  above  results  show  that  the  maximum  quantity  of 
carbonic  acid  contained  in  Manchester  air,  even  in  a  dense 
fog,  and  when  there  is  no  wind,  does  not  exceed  6  volimies 
per  10,000  of  air;  whilst  the  mean  quantity,  3*9  volumes, 
closely  agrees  with  that  (4*0)  generally  assumed,  from  Saus- 
Bure's  early  experiments,  to  represent  the  average  composition 
of  the  atmo^here  as  r^[ards  carbonic  acid. 
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Place. 


iauchester 


^ham   . 
ford. 

likel' 


[ancbo8ter< 
;retford 

J) 
[ancheeter 


Date. 


1862. 

Oct.  19 
«  22 
,,     22 

Nov.  7 
„  10 
„  11 
,,  12 
„  13 
„  13 
„  18 
„  19 
n  20 
,,  25 

Dec.  3 
„  10 
„   10 

„  11 
1868. 

Jan. 16 
„  26 
»  27 
„  31 
„   31 

Feb.  3 
»  3 
»  8 
»  3 
«  3 
„  10 
„  10 
II  10 
«  19 
„  19 
„  19 
„  20 
„  28 
„  25 
„  25 
»  27 
«  27 

Mar*  % 
„  3 
„  3 
„  3 
«  6 
„  6 
»     6 

Dec.  28 
„  28 
»  29 

„  31 

1864. 

Jan.  7 

«     7 

„     9 


Wind,  Weather,  kc. 


Heavy,  very  damp  mist— calm  . . . 
Snow,  with  rain — wind  strong  . . . 

Snow  and  rain — east  wind 

Exceedingly  thick  fog — no  wind 
Vwy  clear— frosty  and  calm 


Verv  thick  fog— cahn  and  cold  , 
Slight  rain — no  wind  


Slight  fog — calm  . . . 

Fine  and  clear 

aear— S.W.  wind 


Damp — slight  wind 

Fine  and  dry—fresh^wind 


Clear,  bright-^wind  N."W.  from  the  sea. 
Clear— windJfT.W.towardsManfAOTter, 


Wind  S.E.  from  Manchester— damp. 

_-      '»            »»            »                 >» 
Damp—wmdSJE 


Fine — wind  due  north 


Damp,  foggy— ft  little  snotr 


CBammg  all  night  previously,  and  :> 
(,  dviing  the  eKperiment-^wind  W.  j 
Fine—wind  freah,  SJJ 


Very  thick  fog-^no  wind — ^how  frost. 


Fog  m  inonii]w-*«ftfia9ioon.  detf  ,. 
Clear  and  bright — ^frost  ] 


MEAN. 

7580 
7400 
741-0 
767-0 
740-7 
750-5 
7600  2-0 
758-5    4-0 


10-5 

160 

15-8 

5-0 

6-0 

3-5 


7690 
766-8 
7660 
755-0 
751-8 
754-5 

754-0 

754-0 
768-0 
7650 
745-G 

768-0 


762-4 


7720 


768-0 
767-0 


768-0 

753-0 
752-0 


752-0 

n 

766-6 

752-5 
756-0 


20 
5-6 
50 
1-0 
100 
80 

j> 
80 

80 

10-0 

7-0 

6-6 

9-5 


110 


10-0 


10-0 
90 


11-0 

>» 
110 
180 
15-0 
18-0 
15-0 


2-5 

j> 

10-0 

4-0 

-6-6 
»» 

0-5 
0-1 


III 


4-0 

40 

40 

3-9 

3-6 

3-6 

4-5 

3-7   ^ 

3-5   j 

5-2 

3-6 

3-7 

41 

8-6 

3-6   ) 

8-63) 

3-60 

3-6 

3-5 

3-3 

4-3 

4-6 

3-9 

3-8 

3-9 

3-9 

3-7 

5-0 

5-0 

4-6 

2-7 

2-85 

2-8 

8-0 

2-9 

3-7 

8-7 

8»6 

3-6 

8-6 

5-2 

51   \ 

4-7   i 

3-6 

8-6   *) 

8-7   i 

4-9 

4-7 

3-3 

3-66 

5-6 
6-6 
8-7 
41 


Method 
BmplQjed. 


Pettenkofer's 


By  weight 
Pettenkofer's 


By  weight 
Pettenkofer's 


By  weight 
Pettenkofer*< 

By  weight 
Pettenk<^r'j 


ifeanof 


Vols,  of  oaHKiuib  aeld  i 
46  Experiments  made  an  Manchester    ^TS^"*  •*'• 


8 
54 


the  Country ,,,     4-Q2 
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Henoe  we  may  conclude  that  the  combustion  of  coal  and 
the  respiration  of  animals  exert  no  appreciable  influence  on 
the  quantity  of  carbonic  acid  contained  in  the  town  air  of 
Manchester  collected  in  an  open  situation ;  gaseous  diffusion 
and  the  great  motions  of  the  atmosphere  serving  completely 
to  disperse  the  millions  of  tons  of  this  gas  which  every  year 
are  evolved  by  the  above-mentioned  causes  in  this  neigh- 
bourhood. 

I  may  add  the  following  determinations,  made  in  the  same 
way,  of  the  carbonic  acid  contained  in  the  air  of  closed 
inhabited  spaces : — 

1.  Chemical  Theatre,  Owens  College,  during  lecture. 
Temp.  9^  C.   Bar.  756  mm.  CO.  in  10,000  of  air  9*5  vols, 

2.  Chemical  Laboratory,  Owens  College. 

9  o'clock  a.m.  Temp.  17-5°  Bar.  783-5.  CO,  =  8-3  vols. 

in  10,000. 
12 o'clock  Temp.  19-5°  Bar.  733-5.  CO,  =  90  vols,  in 
10,000. 
S.  Large  bedroom,  with  invalid  and  attendant. 
Temp.  ir.    CO,  in  10,000  vols,  of  air  =  7*4. 

4,  Parlour  (capacity  8,000  cubic  feet),  four  persons,  three 
gaslights,  good  fire. 

Temp.  19\    CO,  in  10,000  vols,  of  air  =  13-2. 

5.  Ditto  ditto. 

Temp,  18^     CO,  in  10,000  vols,  of  air  =  13-6. 
G    Ditto  ditto. 

Temp.  15^    CO,  in  10,000  vols,  of  air  =  14-5. 
7.  Crowded  meeting-room  of  artisans  in  Penny's  Mill,  Gay- 
thorn — Guardian  Schools — 1,000  persons. 

Temp.  18^   CO,  in  10,000  vols,  of  air  =  36-6. 
CO,  in  10,000  vols,  of  air  =  36-5, 
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MICBOSOOPIOAL  SECTION. 
December  &l,  1865. 

Joseph  Sidbbotham,  Esq.,  President  of  the  Section  in  the 

Chair. 

Various  valuable  donations  were  announced,  limong  others 
a  paper  by  Walter  Crum,  Esq.,  F.R.S,  on  Cotton  Fibre, 
accompanied  with  mounted  gpecinaens,  in  illustration  of  it 

Mr.  Heys  repeated  hi?  observations  on  the  the  cotton  fibre, 
and  said  that  there  was  little  difference  observable. in  cotton 
freshly  gathered,  from  that  as  usually  received  in  this  country. 
His  observations  lead  him  to  t'he  conclusion  that  the  structwi^ 
of  cotton  fibre  is  as  follows: — Fii*st,  there  is  an  eatteraal 
envelope,  or  tube,  genially  moniliform;  inside,  a  spiral  vessel 
which  seems  to  prevent  the  coUapse  of  the  tube :  inside  the 
spiral>  there  is  generally  present  another  substance  like  a  pith 
or  core.  Mr.  Heys  then  described  at  length  his  observations 
on  the  cotton  when  under  the  influence  of  the  solvent 
recommended  by  Mr.  O'Neil,  and  the  conclusions  he  di*ew 
from  them.  Mr.  Heys's  paper  was  illustrated  by  diagrams 
and  mounted  specimens. 

Mr.  Heys  then  read  a  Paper  on  ^^  Mounting  Objects  in 
Canada  Balsam,'^  and  minutely  explained  the  various  details 
of  the  process:  he  strongly  advocates  the  •  le  of  the  Canada 
Balsam,  dissolved  in  Chloroform,  by  which  the  trouble  is 
lessened,  and  the  beauty  of  the  preparations  increased. 

The  Seoretahy  then  exhibited  a  Drawing  of  the  Apparatus 
used  by  Captain  Baker,  of  the  Niphon,  for  obtaining  Sound- 
ings, free  from  Grease. — Description  :  A  tube  18  inches 
long,  1|  diameter,  with  a  wooden  cap,  and  a  leather,  fitted 
as  a  pump-box ;  thi9>  la3hed  to  the  lead,  sinks  into  the  earth, 
and  brings  up  a  cylinder  of  mud  or  sand,  free  from  grease ; 
the  surplus  water  being  forced  out  through  the  valve  at  the 
top. 
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PHYSIOiX  AKD  MAOTJIMATICAX  SECTION. 
January  7,  1864. 

J.  Baxenbsu^  F.R.A.S.^  President  of  the  Section^  in  the 
Chair. 

Two  Papers  were  read  by  Mr.  Vbrnon.  (These  were 
afterwards  read  at  the  ordinary  meeting  of  the  Society, 
January  12.    See  page  S16.) 

The  following  returns  of  the  Bain  Fall  for  1863,  were  com- 
municated to  the  Section. 

Old  Trafpord,  Manchbsjter. 

Br  a.  V.  Veenoit,   F.R.A.S.,  M.B.M.S. 

Bain  Gauge  three  feet  above  the  ground,  receiving  surface  106  feet  abovd 
the  mean  level  of  the  sea. 


differ. 


ludia. 
+  1  934 

—  1-415 
^  I'SIO 

—  O'PM 

—  0-621 
+  1718 

—  1^980 

1 1  117 
4-  2  334 

—  0-S7S 

—  a-215 


+  2  8  Ji2 


The  rain  fall  during  the  past  year,  as  will  be  seen  above, 
has  been  2-84:2  inches  above  the  average  of  the  last  70  years, 
and  almost  identical  with  the  rain  fall  of  1862,  the  difference 
being  only  0*258  inch.  In  1862  rain  fell  on  three  toore  days, 
or  on  218. 
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During  the  four  months  of  February,  March,  April,  and 
May,  1863,  the  fall  of  rain  was  only  4-860inches,  or  4-231  iiwdMS 
below  the  average  of  the  same  months  for  69  previous  years ; 
in  1806,  the  fall  for  these  four  months  was  4*278  inches,  and 
this  is  the  only  case  from  1794,  in  which  the  fall  was  as 
small  for  the  period  in  question  as  in  1863.  As  compared 
with  1862,  1868  had  a  remarkably  dry  spring,  but  an  excess 
of  rain  fell  during  the  last  six  months  of  the  year.  Upon 
comparing  the  last  three  months  of  the  year,  in  the  table 
above,  it  will  be  seen  that  rain  fell  upon  the  same  number  of 
days  in  1863  as  in  1862  for  these  months,  but  2*267  inches 
more  fell  in  1863  than  in  1862,  The  fact  just  noticed  shows 
that  the  number  of  days  upon  which  rain  falls  may  be  quite 
independent  of  the  amount  of  the  fall,  and  how  desirable  it  is 
to  have  the  number  of  days  upon  which  the  rain  actually  falls, 
as  well  as  the  amount. 


Thelwall,  near  Warrington. 

By  John  Atkinson,  F.G.S. 

The  height  of  the  station  above  the  mean  sea-leyel  is  96  feet.    The  gauge 
is  about  one  foot  aboye  the  ground. 


1863. 


f  January  .. 
5*529  }  February . . 

(.  March 

(•April    

9-307  ]  May 

(.June 

(July 

11-000  j  August 

(.  Sex^tember 

C  October  . 
12*624  <  November 

(.December 


Inohea. 


3-715 
0-811 
1003 
1-389 
2-276 
5-643 
1-977 
8-897 
5-126 
6-801 
3-488 
2-335 

38-460 


Days  on  which 
rain  fell. 


14 
13 
13 
18 
11 
22 
8 
26 
21 
21 
12 
17 

190 
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In  1862  the  rain  fall  at  Thelwall  amounted  to  35-840 
inches,  distributed  over  219  days.  Of  this  quantity,  6*821 
indbes  fell  in  the  first  three  months;  9*139  inches  in  the 
second^  10*328  inches  in  the  third ;  and  9*652  inches  in  the 
last  three  months  of  the  year.  The  fall  in  1863  was  in 
excess  of  that  of  1862  by  2*62  inches.  In  each  of  the 
months — January,  February,  April,  June,  August,  Septem- 
ber, October,  and  November,  in  1863,  the  rain  fall  was  in 
excess  of  that  registered  in  the  corresponding  months  of  1862. 
It  will  be  seen  that  more  than  half  the  qnantity  of  rain  in 
1863  (viz.  19*312  inches)  fell  in  the  four  months  August, 
September,  October,  and  November,  whereas  these  four 
months  gave  about  one-third  only  of  the  total  amount  in 
1862.  Excessive  amounts  of  rain  fell  on  the  following  days 
in  1863,  causing  floods  of  greater  or  less  extent : — January 
1  and  2,  1*184  inches;  June  7,  8,  9,  1*25  inches,  and  on 
the  10th  and  llth,  8*642  inches  (a  very  great  flood) ;  July 
21  and  fM,  1-$ indies;  and  October  29  and  30,  l;35  inches. 

The  Flosh,  Cleator,  near  Whitehaven. 
By  Thomas  Ainswobth,  Esq. 


106S. 

Inches. 

Number  of 

JnTiuftry    ...      ... 

6-34 
2-59 
1-90 
2-91 
405 
3-98 
1-25 
4-08 
6-33 
6-51 
6.97 
8-64 

28 

February 

20 

March 

18 

April    

21 

Miy...:.:.:..;;::;::::::.::.:.::;::. 

16 

June    

20 

July 

7 

August 

22 
26 
28 
26 
23 

September  .*. 

October   

I^orember    

December    

50-55 

255 
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ECCLBS,  DURING  1863,   AND   A  COMPAWSON  WITH   1862. 

Bx  Teomas  Kackbeeth,  M.B.li.S. 


vm 


Inches. 
8006 

9-583 

10988 

9^140 


37-664 


1963. 


Inohee. 

5-794 

7-408 

11-703 

11-313 


8^-216 


^January  

3  February 

(Mawsh 

i^f.z:::: 

(.JuniO 

(July 

^AugUAt    

(.Septembw  ., 

r  October  

i  NorombeT   . 
(.December    . 

Total 


Amount  in 


3-959      , 

19 

0-872 

16 

o-96a 

14 

1-254 

16 

1-792 

m 

4-362 

A  2a 

1-690 

7 

4r7d6    . 

M 

5-276 

25 

6-B98 

as 

3164 

17 

2-755 

24 

36-216 


D^jBitFeU. 
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RoTTON,  near  Oldham. 
By  Joinr  Hea^p,  Esq. 


1863. 


January  .. 
Fel)ruary.. 
Marcdi ..... 

April   

May 

Juno    ..... 

July 

August  .1 
September 
Octobev  .. 
November 
December 


]ncbe0. 


6-412 
1^80» 
1-223 
1-599 
2-826 
3-785 
1-700 
5-230 
6-625 
e-206 
3-415 
3-776 


44097 


Number  of 
Ds^oCIUtA. 


2a 
17 

19 
18 
19 
8 
24 
26 
2? 
19 


Mean  M  of  27  yeata,83*l9l  bxobm. 
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Ordinary  Meeting,  January  26th,  1864. 
Dr.  R.  An^us  SmitA,  FJEt.S.,  Vice-President,  in  the  Ofaair. 

Tlie  Chaibhan  showed  a  e&py  of  the  ^^  Mundns  Snbterra- 
neus"  of  Athanasius  Kircher,  edition  of  1678,  Amsterdam, 
written  in  1662.  In  the  first  volume  are  five  maps,  on  which 
the  Nile  with  some  of  the  adjacent  country  is  delineated.  The 
earliest  is  taken  from  an  Arataan  work  cm  geogra{Ay.  In 
this  the  Mouatains  of  Ae  Moon  are  depicted  about  twenty 
degrees  south  o!  the  equator,  and  running  eiE»t  to  west :  from 
the  eastern  half  run  five  rivers  which  meet  in  a  small  lake ; 
out  of  this  small  toke  run  three  rivers  which  run  into  a  large 
lake,  the  north  of  which  is  south  of  the  equator.  The  same 
number,  ».e.  five  rivers,  run  from  the  west,  and  passing 
through  a  small  lake^  run  in  three  divisions  to  the  same  great 
lake,  which  is  oaUed^Zamlue.  Out  of  this  are  made  to  flow 
three  nven^  one  the  Kile^  another  the  Zaire. 

A  map  by  Odoard  Lopez  makes  the  centre  of  Africa  a  hilly 
country  well  supplied  with  lakes  and  rivers  i  all  these  lakes 
are  united,  and  send  their  waters  in  every  direction*  This 
makes  the  Zaire,  the  Zambesi^  and  the  Nile  unite,  by  uniting 
the  lakes  from  whioh  th^  spring.  One  of  these  lakes  is 
called  the  Zaire.  It  would  se^n  as  if  there  were  some 
knowledge  of  the  0)dstenfie  of  lakes  at  the  tune^  whilst  a  bold 
guess  completed  the  map* 

A  third  map  is  ushered  in  with  great  ceremony.  Kircher 
obtaiaed  it  from  the  procurator  of  India  at  Bome*  It  is 
drawn  by  Peter  Pais,  a  Jesuit,  who  visited  the  fountains  of 
the  Nile  on  the  21st  of  April,  1618,  along  with  the  Emperor 
of  Ethiopia.  In  this  the  Mountains  of  the  Moon  are  also 
prominent.  On  a  hill  north  of  them  are  two  fountains, 
•*  oculi  NiU"  or  « fontes  Nili."  These  form  the  Nile,  which 
falls  into  the  lake  Bed,  on  the  shores  of  Goyam,  Bed,  and 
Dambia.  This  seems  as  clear  an  account  of  the  Blue  Nile 
PjK0cm>iK09— Lit.  &  Phil.  Sogibty— Ko.  U.— Sbbszom  1863-64. 
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as  one  might  expect  from  a  traveller  of  the  period.  The 
Jesuits  were,  at  the  time  mentioned,  in  Abyssinia,  and  Pais, 
whose  name  is  writteu  also  Paes5  and  Paye  by  other  writers, 
is  said  to  have  gone  there  in  160S. 

Kireher  desires  to  inform  posterity  of  this  great  discovery, 
which  to  his  mind  puts  aside  the  preceding  marps.  We  see 
in  these  three  maps  the  Blue  Nile  actually  gained,  and  the 
mind  wandering  after  the  other  sources  with  much  uncer- 
tainty, but  apparently  not  without  some  such  foundations 
for  truth  as  could  be  obtained  from  the  wandering  reports  of 
men  ignorant  of  latitudes  and  equators,  of  any  mode  of 
measuring  distance,  and  of  any  necessity  to  be  very  particular 
in  describing  that  which  so  little  concerned  them.  In  order 
to  make  the  fountains  of  the  Blue  Nile  serve  for  the  whole 
Nile,  the  lake  Bed,  on  a  fourth  map,  is  put  very  far  to  the 
south  of  Congo,  from  which  place  it  flows  into  the  Zambie. 
This  seems  to  be  one  of  Kixcher's  attempts  at  ingenuity, 
which  are  certainly  "very  often  extremely  bold.  On  t^is  map 
is  drawn  a  lake  near  the  situation  of  the  Nyassi,  with  an 
outlet  to  the  east. 

On  another  map,  which  however  is  rougher,  and  intended 
to  show  the  general  form  of  the  world,  the  Nile  is  brought 
from  about  15  degrees  south  of  the  e<iuator  to  a  large  lake- 
like widening  beginning  about  10  degrees  ^aorth.  A  branch 
takes  somewhat  the  direction  of  the  Blue  Nile. 

In  all  these  the  existence  of  lakes  may  be  considered  by 
some  as  the  result  of  the  guidance  of  tradition  oi  report. 

The  exultation  of  Pais  when  he  discovers  the  fountains  is 
not  without  interest.  Altibough  he  gives  but  few  of  the 
proper  class  of  details,  he  does  his  best,  and  such  as  a  man 
with  his  class  of  knowledge  might  be  expected  to  give.  He 
says  —  *^I  saw  with  the  greatest  pleasure  that  which  was 
denied  to  Cyrus  king  of  Persia,  and  Cambyses>  Alexander  the 
Cheat,  and  the  famous  Julius  Caesar  himself/' 
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MICROSCOHCAli  9E0TIOK. 


Ordinary  Meeting,  January  18th,  1864. 


Professor   Williamson,  P.R.S.,  Vice-President    of  the 
Section,  in  the  Chair. 

Mr.  Grikbost  was  elected  an  ordinary  member  of  the 
Section. 

The  adjourned  debate  on  Mr.  Heys's  Paper  on  the  structure 
of  the  cotton  fibre  then  commenced. 

Professor  Williamson  did  not  agree  with  Mr.  Heys  as  to 
the  moniHform  character  of  the  fibre*  He  conceived  it  to  be, 
like  other  cell  structures,  merely  an  elongated  cell  with  its 
usual  wall  and  contents.  The  moniliform  appearance 
obeerred  by  Mr.  Heys  was  owing  to  the  hard  starch  or  gum 
^anules  in  the  spiral  contents  of  the  ripe  cell,  preventing  the 
collapse  of  the  tube  in  those  places  where  they  existed  on  the 
flrying  of  the  cell,  thus  giving  the  appearance  alluded  to. 
He  thought  the  only  way  to '  arrive  at  a  correct  conclusion 
was  to  examine  the  fibre  in  a  growing  state  in  all  stages  from 
its  earliest  appearance  in  the  fiower  bud  until  its  maturity. 
The  twist  of  the  fibre  so  often  alluded  to  he  considered  to  be 
owing  entirely  to  the  drying  and  consequent  curling  up  of 
the  cells,  as  in  other  vegetable  structures.  Professor  William* 
sda  strongly  urged  those  members  who  had  convenience,  to 
grow  a  number  of  cotton  plants  and  careftilly  examine  the 
fibre  in  all  its  stages.  Surely  Manchester  ought  not  to  allbw 
the  question  as  to  the  structure  of  the  cotton  fibre  to  be  dis- 
cussed and  settled  elsewhere. 
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The  President  of  the  Section^  Mr.  Sidebotham^  then  read 
a  paper  on  mounting  objects  for  the  microscope  in  fluid. 

The  paper  referred  chiefly  to  the  mounting  of  Desmidiaceee 
and  other  freshwater  algse.  Mr.  Sidebotham  recommended 
^a  ceU  ,of  japan  black,  the  covering  glass  fisistened  on  with  gold 
size,  then  a  coating  of  lac  varnish,  and  afterwards  several 
Qoatings  of  japan  black,  i^Ued  each  when  the  previous  coat- 
ing was  dry. 

Mr.  Sidebotham  exhibited  Desmidiacess,  &c.,  mounted  by 
himadf  in  the  years  1842  to  1847,  in  various  fluids,  and 
concluded  that  for  this  class  of  otjects  water  was  the  best 
medium,  th^  specimens  mounted  in  1842  being  as  perfect  in 
structure  and  colour  as  when  first  prepared.  Many  specimens 
had  become  spoiled  owing  to  the  air  penetrating  into  the 
cells,  from  the  cracking  of  the  varnish,  but  with  care  and  a 
coating  of  lac  varnish  befere  the  japan  black  he  thought  this 
would  in  future  be  of  rare  occurrence. 

Mr.  Sidebotham  then  exptoined  a  plan  of  mountii]|f  dia^ 
U>mt^oet»  iu  balsam^  soas  to  preserve  their  foarma  and  occurs, 
and  also  keep  the  frustules  attached  to  each  other. 

Professor  Williamson  corroborated  Mr.  Sidebotham^s 
experience  as  to  water  being  the  best  medium  for  the  Des-- 
midiacese ;  those  specimens  mounted  by  himself  more  than 
twenty  years  ago,  where  ike  fluid  had  been  preserved,  were 
as  perfect  as  when  first  prqjiared. 

Mr.  Dakcbr  mentioned  tJiat  he  had  specimens  of  Vbhox 
ghbator  mounted  in  water  in  the  year  1848  by  himself,  quite 
perfect  in  form  and  colour ;  he  preferred  gold  size  as  a  material 
for  cells  to  japan  black. 

Mr.  Nevill  exhibited  the  larva  of  a  gnat  mounted  in 
water  four  years  ago,  showing  that  this  mode  of  preparation 
is  ap^^*    ^  to  animal  as  well  as  vegetable  structures. 


>  Gzoit0Q  Harris^  Esq*^  fiarpstec^at^Law^  was  nelectod  an 
Ordinary  Member.  ;  /  :    i 

/    Fnifcssor  RoscoE  ex^Bfited  tbe  £ght  eHiittbd  %  btnmitig  a 
fuitlfM  *f  a  fitfe  tpe^tneh  of' pure  niagn&miii  wire  1  nim.  in 
diftmk^f  trt/a    !<>'  feet   lotig,  ^hich   Hai  beeii'  thanliTTac- 
tured-  by   Mr,    Sondsfedt.      iProfessbr    itoscoe    remarked 
that   it    afforded    him  great  pleasure  to' be.  abloi  t<>  stai 
tbnia  suggeatioin  inade .  by  Profe^ssoj ,  5i^ii?e^  and  j^^ 
in  their  photochemical. 3res«arohes>  :and  prialed.in  the  TPfcR 
MOj^Aod  TrBXismsdom  tori  Ift^d^  paj^  dSS^  was  ccboalb^to  be  ^    » 
pttetJedHy  Aadptedi'  Kfr'.  13(mdstadt  i«  now  commencing^      / 
manufacitlre  the  metil  magnesium  on  the  large  scale^ 'ani      ^-^ 
the  first  important  application  of  the  metal  is  the  employ^ 
ment  of  bnmin|B;  poagnesium  wire  as  an  illuminating  agent^ 
^gpj^ciaUy&r  photographic  purpose^.  In  the  reiEiearchies  a)K)V6 
mentioned  Professor  Bun^en  aadith^  speafcerhadjexamined 
ik^  ^boCOdKffiiQfll  «eticiki  of  «be  stm  4[^t&pared  with  that  of  a 
UaesttM  WA*S  of  Hght,  'tod'  for '  flie  ptrfposfe  of  this  a>m- 
piEtrigoii'tliey  6ho8€(  the  light  evolvisd  by  the  combustioi  of 
magnesium  wire.     They  showed  that  a  btiminff  suffoce  of 
m^^xu^  yi|^e  whiQh^  sqen  frpm  a  point  at  thp  ?(b^*s  level, 
has  a^/^^p^f^timfigQitHd^  ^^^1*9  th^t.of,th»(  sun>.;fiflfect8 
on  that  point  the  same  chemical  action  as  the  sun  would . 
do   when  shining  from    a  cloudless    sky   at   a  height  of 
9®  Sy  above  the  horizon.     On  comparing  the  chemical  with 
Paoceedikos~Lit.  &.  Phil.  Societt^No.  12.— Session  1863-64 
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the  msiMe  brightness  of  these  two  sotixces  of  light  U  wtia 
fouiid  that  the  brightness  of  the  sun's  disc,  i^  i^easured  by 
the  eye  when  the  sun's  zenith  distance  was  6T  22',  is  524'T 
times  as  great  as  that  of  the  burning  magnosium  wire,  whilsti 
at  the  same  zenith-distance,  the  chemicqi  brightness  qf  the 
sun  is  only  36*6  times  as  great.  Hence  the  value  of  this 
light  as  a  source  of  the  chemically  active  rays  for  photo-* 
graphic  purposes  becomes  at  once  apparent  The  extract 
from  the  memoir  referred  to  is  as  follows :  — 

''The  steady  and  equable  light  evolved  by  ma^eeiuQi 
wire  burning  in  the  air,  and  the  immense  chemical  netion 
thus  produced,  render  this  source  of  light  valuable  as  a 
'mple  means  of  obtaining  a  given  amount  of  illumination 
oressed  in  terms  of  our  measurement  of  light.  ..*..«• 
^•t^ombustion  of  magnesium  constitutes  so  definiiie  i^nd 
simple  a  source  of  light  for  the  purpose  of  photoch^mipal  . 
-<^a6urement,  that  the  wide  distribution  of  this  metel  becomes 
--^t^epirable.      The  application  of  this  metal  as  a  soujrce  crf.light 
may  even  become  of  technical  importjmce.     A  burning  magr 
nesium  wire  of  the  thickness  0*297  millimetre  evolves,  accord- 
ing to  a  measurement  we.  have  made^  as  much  light  as  74 
stearine  candles  of  which  5  go  to  the  pound,  ^   Iftbi»l^]p^ 
lasted  one  minute,  0*987  metre  of  wire,  weighing  0*1204 
grm.,  would  be  burnt.    In  order  to  produce  a  light  equal  t9 
74  candles  burning  for  10  hours,  whereby  about  SOlbs*  of 
stearine  is  consumed,  72*2  grms.  of  magnesium  would  be 
required.     The  magnesium  wire  can  be  easily  prepared  by. 
forcing  out  the  metal  from  a  heated  steel  press  haying  a  fine, 
opening  at  bottom ;  this  wire  might  b^  rolled  up  in  coib  cm 
a  spindle,  which  could  be  made  to  revolve  by  ,cl9ckwork^  «nd 
thus  the  end  of  the  wire,  guided  by  passing  through  a  groove 
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or  between  rollers,  could  be  continually  pushed  forward  into 
ft  gas  <*  spirlt-lanip  flame  in  which  it  would  burn.'' 

Pi^&fetto^  Roscoe  stated  that  great  credit  was  due  to  Mr. 
Sbndaftadt  for  the  able  manner  in  which  he  had  brought  the 
difficvde  subject  of  the  metallurgy  of  magnesium  into  the 
ppftient  satisfactory  position,  and  expressed  his  opinion  that, 
0iiea  for  photographic  purposes,  the  application  of  the  metal 
will  ptore  most  important.  Mr.  Brothers,  Mr.  Parry,  and 
other  photographers  present,  corroborated  Dr.  Koscoe*s 
opinion  respecting  the  value  of  such  ^^source  of  light  for 
piwtogfliphy.  Since  the  meeting  M*  ^'^Jj^s  made  an 
experiment  upon  the  magnesium  light^  ^\|Dorts  as 

^  Th6  tesnlt  of  an  experiment  I  hJ*; ,  ^;\  ^  gpr  *'  Ja 

50  seconds  with  the  magnesium  light  I  have  obtaulb«k^.|^ 
negative  copy  of  an  engraving  —  the  copy  being  made  i*-a 
darltetied  room.  Another  copy  was  made  in  the  usual  way  in 
daylight,  and  in  50  seconds  the  result  was  about  equal  to  the 
negative  taken  by  the  artificial  light.  The  sun  was  shining, 
bat  there  was  a  good  deal  of  fog  in  the  atmosphere." 


A  papey  wito  read,  entitled,  ^'  On  the  Tensile  Strength  of 
Cdtton,  as  effected  by  various  Chemical  Treatments.'*  By 
Mr.  Charles  O'Nbill,  F.C.S. 

The  author  has  given  a  great  number  of  experiments  upon 
the  iubject,  made  in  order  to  elucidate  some  important  practical 
and  sdentlflc  points  not  hitherto  much  worked  upon.  By 
m^a&ft  of  his  apparatus  for  testing  tensile  strengths  (Proceed- 
ings of  this  Society,  No.  6, 1868-64,  p.  186)  he  was  enabled 
to  (ybtam  data  which  by  any  previously  known  method 
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could  poly  hftve  beeu  obtainecj,  if  at  all,  by  an  incrediMe 
amouot  of  labour.  . 

Effect  of  hhaclUnff  upon  strer^tk  of  cotton.  Theae  eiBperi^ 
ments  were  made  upon  printing  doth  of  IS  threads  to  the 
quarter  mcb,  American  cotton,  and  bktadied  for  printifig  by 
the  low  pressure  process.  The  process  included^  among 
other  treatments, — 

(1)  Passing  three  times  over  a  red  hot  copper^plate. 

(2)  Boiling  16  hours  with  milk  of  lime. 
(S)  Boiling  16  hour\with  soda  andxosin. 

(4)  fitce|ttiig  Jjp/^  ^  n  of  Ueachsng  powder  for  several 

(5)  S^  **^lydra5hloric  acid  for  sereral  hours* 

SWesseJ^j^pttrreaas  m  the  grey  cloth 

STVn'^ean  of  30  experiments)  .  • .  3 1 40  grs.  1 Y14  grs. 
Ditto    in   the   bleached    cloth    S.V. 

(mean  of  30  experiments)..* *•••    2920  grs,    2785  grs. 

The  warp  threads  from  two  other  pieces  of  doth  .give  as. 
follow^  being  the  means  of  40  experiments : — 

A.  B. 

In  the  grey  state   ...,.m..«m««     3407  grs.    8512  gis. 

In  the  bleached  state    ••••..•..•••     S708  grs.    4025  grs. 

The  cloth  S.Y.  became  elongated  in  tha  bleaching  process^ 
and  contracted  in  width.  The  contraction. in  width,  owing 
to  the  flailing  up  of  the  weft,  will  explain  the  increase  x)f  its 
strength,  while  the  elongation  may  explain  the  dinunution 
of  strength  in  the  warp.  The  cloth,  A«,  and  also  B*,  were 
chemically  treated  exactly  as  S.Y.,  but  were  washed  and 
dried  loose,  and  not  being  fulled  so  much  by  the  mechanical 
processes  did  not  sensibly  alter  in  length.    The  iocreftsed 
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streDgth  may  be  explained  by  tlie  ootfipkte  bedding  of  the 
cotton  hairs^  so  forming  a  more  compact  thread.  At  any 
rate,  it  seeiiB  proved  that  the  etnength  of  cotton  19  not  injured 
by  the  ordinary  process  of  bkadiing  fbr  printing.  - 

Efftct  ^f  printings  ^^^7  soaping^  Sf^.  A  portion  of  S^Y.* 
was  piintfid^  dyed»  andfimshedaac  first^^ase  madder  purple, 
and  20  experiments  made  npon  the  warp  and  wc^'  thMads^ 
with  the  follMokg  Tcenltsr:-^ 

Strength  of  printed  and  finished  warp  8S69 

Ditto  of  printed  and  finished  weft  •»•«. -^w^i^    2669 

Here  it  s  seen  the  warptfaittads  have  ^akied  move  than 
they  lost  in  bleaching,  while  the  weft  threads  have  lost 
something.  .The  increase  nf .  stTRngtli  in  the  warp  threads  is 
partly,  if  not  wholly  eiiplained  by  the  diminution  of  lengthy 
the  two  yards  gained  in  bleaching^  and  rather  more,  being 
absorbed  in  the  processes  of  dyeing,  soaping,  &c.,  and  the  * 
thread  consequently  becomes  thi^Ler  and  strongeTi 

Mardc^ited  chih  treated  mth  acid.  These  experiments 
are  interesting,  as  touching  ^  upon  the  chemical  terttu  the 
physical  theory  of.  dyeing.  A  piece  of  calico  war  diosen 
printed  by  blocks  in  wide  longitudinal  stripes,  with  the  usual 
mordants,  for  maddepr  or  garaneine  dyeings  it  was  i^ed, 
cleared,  &o.,  as  usual^  to  remove  4dl  loose  mordants  PottioBS 
containing  mordanted  and  unmovdanted  parts  were  treatied 
by  hy^roehloric  acid  to  remove  the  inordants>then  oarefully  • 
wadied,  and  the  strength  of  the  threads  tested*  The  zesnlts 
are  as  follow : — 

Iron,  mosdant  for  black,  warp  threads,  iO 

expmttsnts.M..... /......iu... ^34S0gr8# 

Wai)p  threads  qont^ons  40  the  mordanted 

tfavefi^  ICt^xpfilfiiQeiite  37ldi^ 
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Same  mordant^  weft  threadfi^  6  experiments.  ••  2201  gn. 

Same  weft  threads  in  the  unmordanted  parts^    , 

^  experiments • m«*'«^«  2906  gr^   ^ 

The  above  experiments  9how  a  decdded  diminution  of 
strength  in  those  threads  which  had  received  the  mordanK 
The  unmordanted  threads  had^  pf  course^  been  submitted  t^ 
the  same  acid  and  other  treatments. , 

A  repetition  of  these  experiments  upon  another  piece  of  ^ 
cloth  of  different  origin  but  similarly  printed,  and  wbioh  had 
been  dyed  in  madder  and  then  treated  with  hydrochloric 
add,  gave  the  following  results  :— 

Alumina  mordant  for  red^  warp  threads,  10 

experiments ^•••••^•••w •  1906  grs* 

Unmordanted  threads,  conXiguouSi  10  experi- 
ments   ,•••• ••••••••»4.«Mo****»««v2031  gri« 

shovring  a  diminution  of  strength. 

Iron  mordant  for  blapk,  warp  threads^    10 

experiments.. ..«..*..«.f..««*«4*o#^^  1631  grs# 

TTnmordanted  threads^  contiguous^  10  expo* 

riments.««....f......4o...«.f4.«».,»«*««4Mt*  2260  grs. 

showing  a  considerable  diminution  of  strength* 

Experiments  on  cotton  hairs,  taken  from  mordanted  and 
unmordanted  threads^  which  had  been  treated  by  aoid* 

Alumina  mordant  for  red,  8  experiments  ••»•«•  60*3  gra. 

Not  mordanted  adjacent  hairs,  5  experiments.  71*6  gri* 

The  uncertainty  as  to  whether  the  mordant  had  actutdly 
touched  the  hairs  in  the  centre  of  the  threads  caused  these 
experiments  to  be  discontinued  and  the  fdibwing  inatitutei* 

Cotton  m  ordanted  in  the  wool.  Small  parcels  of  New  Oxkans 
cotton  were  steeped  separately  in  ordinary  iron  liquor  (otude 
pyrolignate  of  iron)  and  red  liquor  (crude  acetate  of  aloau&a). 


saturated  vntix  diiese  liquors,  ihe  excess  expressed  out^  and 
then  drieci  gently,  and  aged  for  24  hours ;  afterwards  well 
washed  in  lukewarm  water  and  dried.  A  portion  of  each, 
parcel  was  then  treated  with  dilute  hydrochloric  acid,  some 
of  tlie  onginal  stock  of  New  Orleans  cotton  being  placed  in 
the  same  acid,  and  going  through  the  same  treatments.  The 
xKi<lrdim&  1)eing  dissolved  out,  the  cotton  was  well  washed  to 
free  it  from  the  add,  dried,  and  its  strength  ascertaii^ed  with 
the  following  results  i — 

New  Orleans  Cotton  not  mordanted,  10  ex- 
periments    ..••• \ 143'9  grs. 

Diitd  Ihordanted  with  iron,  10  experiments...    96*8  grs. 
Ditto  mordanted  with  alumina,  10  experiments    94*1  grs. 
A  very  notaUe  diminution  of  strength  has  occurred  in  the 
mordanted  parcels. 

Otm  cotton.'  The  only  undeniable  chemical  compound 
whidi  oofton  fomis  with  Other  elements,  without  undergoing 
conspicuous  physical  change,  is  in  gun  cotton.'  A  sample  of 
New  Odeans  was  treated  with  eqtial  volumes  of  concentrated 
sulphuric  and  nitric  acids ;  it  increased  in  weight  66  per  cent, 
botned^if^,  and  was  soluble  in  alcoholised  ether.  Twenty 
hairs  being  measured  gave  a  meanlength  of  0*997  inch;  twenty 
hairs  heftnre  treating  gave  a  mean  length  of  0*996  inch.  The 
difference  0*001  being  within  the  range  of  error,  it  may  be 
said  flOt  to  have  changed  in  length.  The  strength  of  10 
haiis  was  taken,  and  gave  a  mean  of  85-4  grs.  The 
mea&  strength  of  19  hain  before  treatment  being  1S8*1, 
there  has  been  a  considerable  diminution  of  strength.  This 
may  not  be  tme  df  aU  kinds  of  gun  cotton. 

M^f^^H^i^ed  CcfttoH.     It  is  very  well  known  that  cotton  cloth 
treated  with  concentrated  solution  of  caustic  soda  shrinks  in 
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length  and  becomes  stronger.  The  following  experiments 
cotrobimite  this.  Mew  Orleans  cotton  was  treated  with  soda 
solution  sp.  gr.  I'SoO;  Twenty  hairs  being  measured  gave  a 
mean,  length  of  0*857  inch,  being  a  contraction  of  0*1 89  inch 
on  the  mean  of  twenty  hairs  measured  before  treatment. 
The  mean  strength  of  10  hairs  is  154*1  grains  against  a 
mean  strength  of  138*1  grains  before  treatment. 

The  reliability  of  these  results  is  dbcussed  by  the  author. 
The  experiments  in  detail  show  wide  discrepancies^  and  the 
maximum  and  minimum  of  a  series  are  often  at  a  considerable 
distance  from,  the  mean«  This  is  a  difficulty  inherent  to  the 
subject,  and  can  only  be  overcome  or  lessened  by  miltipljring 
the  experiments.  Ten  experiments  seem  to  give  a  reliable 
mean,  for  in  making  twenty  or  thirty,  the  first,  second,  and 
third  tens  give  nearly  the  same  mean.  Most  of  the  results 
are  means  of  twenty  experiments ;  and  several  of  them  having 
been  repeated  at  long  intervals  and  by  different  hands,  with* 
out  any  important  difference  in  the  means,  the  autbor  is  of 
opinion  that  they  express  the  truth,  at  the  same  time  that 
they  BH^  be  open  to  some  numerical  rectificatiom 
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Ordinary  Meeting,  February  SSSrd,  1864. 

E.  W.  BiNNET,  P.R.S.,  P.G.S.,  President,  in  tlie  Chair. 

Walter  Crum^  F.R.S.,  was  elected  an  Honorary  Member 
of  the  Society. 

The  formation  of  a  Photographic  Section  was  announced. 

On  the  motion  of  Mr.  Sidebotham,  seconded  by  Mr. 
Parry,  it  was  unanimously  resolved  that  the  Sections  of  the 
Society,  with  the  consent  of  the  Council,  shall  have  power 
to  elect  sectional  associates,  subject  to  rules  which  have  been 
drawn  up  by  the  Council.  The  arrangement  to  take  place 
immediately,  and  to  continue  in  force  until  the  end  of  the 
ensuing  Session. 

Professor  Boscob  stated  that  the  question  of  the  possibility 
of  taking  photographic  portraits  by  means  of  the  magnesium 
li^t  was  now  satisfactorily  settled ;  he  exhibited  some  prints 
of  a  portrait  which  Mr.  Brothers  and  he  had  taken  at  five 
o'clock  p.m.  on  Monday  the  22nd,  by  burning  fifteen  grains 
of  magnesium  in  the  form  of  finQ  wire,  at  a  distance  of  about 
eight  feet  firom  the  sitter.  The  negative  thus  produced  was 
stated  by  Mr.  Brothers  to  be  fully  equal  to  any  obtained  by 
sunlight  in  the  most  favourable  slate  of  the  atmosphere,  the 
distribution  of  light  and  shade  was  most  agreeable,  any  harsh- 
ness of  the  shadows  being  completely  removed  simply  by 
slightly  moving  the  wire  whilst  it  is  burning.  During  the 
meeting,  Mr,  Brothers  took  an  excellent  negative  copy  of  Chan- 
trey's  fine  bust  of  the  late  Dr.  W.  Henry,  in  the  possession  of 
PaoGHDiHcn— Lit.  &  Phil.  Socnnr— Ko.  18.— Sisbiok  1868-64 
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the  society,  by  burning  ten  grains  of  magnesium  wire,  the 
light  lasting  for  59  seconds.  It  is  expected  that  the  quantity 
of  wire  necessary  for  taking  a  photographic  portrait  can  he 
sold  at  the  cost  of  a  very  few  pence* 

Mr,  G.  C.  Lowe  described  a  meteor  seen  by  him  on 
Sunday,  Feb.  7th,  at  6h.  11m.  p.m.  Greenwich  mean  time. 
It  was  first  seen  just  below  the  constellation  Cassiopeia,  and 
was  in  fiill  view  throughout  its  entire  passage,  which  occupied 
about  four  seconds.  It  descended  towards  the  horizon  at  an 
angle  of  about  40%  passing  between  the  two  stars  ri  Pegasi 
and  Scheat,  and  disappeared  without  breaking  up  when  at 
the  altitude  of  a  Pegasi,  It  was  of  an  elongated  pear  shape, 
and  was  followed  by  a  short  train  of  sparks  of  a  dull  red 
colour,  the  meteor  itself  being  a  very  pale  blue,  somewhat 
less  than  a  diameter  of  the  moon  in  apparent  length,  and 
about  six  or  eight  times  brighter  than  the  planet  Jupiter. 

This  meteor  was  also  seen  by  Mr.  Wylde,  Mr.  Parry,  and 
Mr.  Pochin,  who  all  described  it  as  one  of  great  brilliancy. 

Mr.  SiDEBOTHAM  exhibited  a  copy  by  photo-lithography 
of  one  of  the  earliest  editions  of  Shakespere,  which  he  believed 
to  be  the  first  published  work  in  which  that  process  was 
employed. 

Mr.  Brockbank  exhibited  a  bead-like  fossil  body  which 
had  been  found  in  a  sandstone  near  Stainmoor,  and  had  been 
traced  to  full  four  feet  in  length. 

The  President  said  that  a  similar  fossil  had  been 
described  by  Mr.  George  Tate,  F.G.S.,  of  Alnwick,  in  the 
Transactions  of  the  Berwickshire  Naturalists'  Club  for  1858, 
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under  the  name  JEione  Moniliformis^  which  was  found  in  the 
sandstones  of  the  mountain  limestone  of  Howick,  Scremers- 
ton,  and  Haltwhistle,  in  Northumberland  and  in  Yorkshire. 
Mr.  Hindson  of  Kirby  Lonsdale,  has  also  found  the  same 
fossil  in  sandstones  of  a  similar  age  in  that  district,  and 
probably  they  would  be  met  with  in  the  beds  of  the  millstone 
grit  further  south,  at  Dyke  Nook,  near  Keighley,  and 
Saltersbrook,  near  Woodhead,  where  he  (the  president)  had 
observed  specimens  of  several  species  of  M,  Loy^s  genus  of 
Crassopodia  with  which  they  have  been  found  associated. 

Dr.  AoscoE  read  a  Paper  by  Mr.  Edward  Sondstadt, 
entitled,  "  Note  on  the  Preparation  of  Calcium.** 

Although  Davy  demonstrated  the  existence  of  Calciuni^ 
and  obtained  it  in  an  impure  condition,  by  his  well  known 
method  more  than  half  a  centuty  ago^  there  are  but  two 
methods  at  present  known  whereby  this  most  abundant  of 
all  the  metals^  excepting  perhaps  aluminium,  can  be  obtained 
in  a  state  of  comparative  purity.  Matthiessen,  following  a 
method  which  was,  I  think,  first  indicated  by  Bunsen,  who 
obtained  magnesium  by  the  electrolysis  of  the  fused  chloride 
of  magnesium,  obtained  calcium  by  the  electrolysis  of  a 
mixture  of  the  fused  chlorides  of  calcium  and  of  strontium* 
This  method,  however,  of  obtaining  the  metals  of  lime  and 
of  magnesia  is  exceedingly  troublesome,  principally  because 
of  the  floating  up  and  burning  of  the  metal  on  the  surface  of 
the  salt  electrolysed.  The  second  of  the  two  methods  referred 
to  is  that  adopted  by  Li^s  Bodart,  and  Gobin,  who  obtained 
calcium  by  heating  iodide  of  calcium  with  sodium  in  an  iron 
crucible,  the  cover  of  which  was  securely  fastened  down* 
The  only  objection  to  be  made  to  this  process  is  the  trouble- 
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someness  and  expense  of  preparing  anhydrous  iodide 
of  calcium^  which,  like  chloride  of  magnesiam,  is  apt  to 
undergo  partial  decomposition  during  ignition — and  it  must 
be  remembered  that  partial  decomposition  of  iodide  of 
calcium  involves  the  formation  of  lime^  a  substance  practically 
infusible,  which,  during  the  reaction  with  sodium,  must 
prevent,  if  present,  the  aggregation  of  the  minute  particles  of 
reduced  calcium  into  globules.  In  order  to  overcome  this, 
and  the  before-named  objection  to  the  process,  the  author 
fuses  together  equivalent  quantities,  of  iodide  of  potassium 
and  of  diloride  of  calcium.  The  fused  mass  is  poured  into 
an  iron  crucible  and  covered  tiU  cool  enough  to  handle ;  the 
mass  is  then  dropped  out,  and  a  rather  less  than  an  equivalent 
quantity  of  sodium  is  put  into  the  crucible,  and  the  mixture 
of  calcium  and  potassium  salts  is  placed  above  it.  The 
crucible  is  then  closely  covered,  and  heated  to  redness.  The 
heat  need  neither  be  strong  nor  long  continued.  The  best 
results  are  obtained  when  the  crucible  cover  is  fastened  down, 
but  calcium  in  lump  may  be  obtained  without  using  more 
pressure  than  that  affi>rded  by  a  well  fitting  Kd.  The  re- 
action does  not  appear  to  be  violent,  and  hence  the  advantage 
of  considerable  pressure.  Is  the  slight  violence  of  the  re^ 
action  between  sodium  and  the  calcium  salt  owing  to  the 
near  approach  of  the  two  metals  as  to  atomic  weight,  and 
thence  specific  heat?  It  is  easier  to  obtain  calcium  in 
lump  by  the  modification  of  Li^  Bodart*s  process,  that  I 
have  described,  in  a  small  way,  than  it  is  to  obtain  magnesium 
in  lump  on  a  like  scale. 
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A  paper  was  read  by  J.  C.  Dybb,  V.P.,  "  On  the  JJature 
of  Friction  in  Mechanics/'  in  which  he  stated  that: — 

Resistance  to  motion  by  surface  contact  arises  from  distinct 
kinds  of  obstruction,  according  to  the  nature  of  the  moving 
bodies  and  to  the  condition  of  their  surfaces.  These  present 
problems  that  have  been  investigated  by  many  writers  and 
experimenters ;  but  no  fixed  law  or  rule  has  been  discovered 
for  measuring  such  resistanoes  as  applied  to  different  kinds  of 
friction.  The  inquiries  have  mostly  related  to  the  action  of 
solid  surfaces,  and  some  approach  to  the  measure  of  their 
resistances  has  been  attained,  by  finding  the  relation  of  fttUing 
weights  to  those  sliding  over  horizontal  surfaces  of  different 
kinds  of  woods,  metals,  glass,  marbles^  &c.;  but  little  or 
nothing  has  been  accomplished  towards  showing  the  nature 
of  the  surface  resistance  to  solids  moving  through  water  or 
other  liquids.  The  experiments  of  Ci^tain  Beaufort  and 
Robert  Fulton  afford  data  for  the  sum  of  such  resfetanoe,  but 
not  for  its  mode  of  action. 

In  the  case  of  solids,  if  the  surfaces  in  contact  were  perfectly 
level  and  hard,  they  would  slide  over  each  other  without 
friction;  but  as  none  such  are  known,  their  resistance  to 
motion  arises  from  the  projecting  points  and  indentations, 
which  grapple  with  more  or  less  force,  causing  the  moving 
body  to  rise  and  fietll  and  to  abrade  and  wear  down  the  sur* 
faces;  thus  gravity  and  cohesion  constitute  the  counteractiBg 
or  compound  force  called  friction.  In  railway  wheels,  as 
small  portions  of  the  peripheries  are  in  contact  with  the  rails, 
when  both  are  in  good  order  but  slight  resistance  is  offered  $ 
but  even  in  this  case  the  common  measure  of  the  weight  into 
the  distance  does  not  strictly  apply,  and  the  amount  of  tractive 

ower  is    obtained  from  experience  only.     This  retarding 
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force  too  is  dividedbetween  the  friction  on  the  rails  and  that 
of  the  air  passed  through.  The  action  of  rolling  surfaces 
such  as  wheels  and  pinions  of  watches^  clocks^  and  other 
machinery^  is  amply  explained^  and  rules  given  for  minimum 
friction^  in  the  works  of  Berthoud^  Camming^  and  Halton^  on 
clocks  and  watches^  by  Camus  on  the  teeth  of  wheels^  and  in 
D.Fairhairn's  work  on  mill-gearing,  wherein  we  see  that  if 
the  rolling  surfaces  were  all  smooth,  hard,  and  of  curvatures 
adapted  to  such  motion,  they  would  offer  no  friction. 

The  motions  of  shafts  on  fixed  bearings,  if  the  metal  sur- 
faces come  in  contact,  will  draw  in  and  compress  the  air,  and 
by  heating  the  shaft  prevent  safe  working ;  hence  lubiicating 
matter  is  used  to  limit  the  contact  of  the  metals,  so  that  only 
some  of  their  prominent  parts  touch,  to  produce  attrition,  or 
friction. 

The  motion  of  bodies  through  water  involves  several  kinds 
of  resistance  of  a  more  complex  nature,  the  measure  of  which 
has  not  been  given  by  any  of  the  able  writers  on  that  subject, 
nor  has  any  formula  been  applied  thereto  for  solving  the 
questions  of  the  compound  resistances  to  be  overcome  by 
ships  and  other  bodies  moving  through  water.  Some 
authors  have  taken  the  measure  of  this  resistance  to  be  as 
the  squares  of  the  velocities;  but  this  fails  because  the 
different  kinds  of  resistance  are  not  alike  called  into  action 
in  the  different  cases  adduced.  Those  of  cannon  balls 
ricocheting  from  water,  the  sinking  of  plummets  in  deep 
soundings,  and  floating  bodies  at  different  depths  from  the 
surface,  present  each  of  them  reacting  forces  too  complex  to 
admit  of  any  simple  rule  of  measurement,  the  separate  nature 
of  which  need  not  be  here  repeated ;  but  it  may  be  said  that 
the  aggregate  of  the  resisting  forces  called  friction  must  of 
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necessity  consist  of  the  reaction  of  grayity^  inertia^  cohesion^ 
elasticity^  and  adhesion  of  bodies,  in  their  yaried  degrees  of 
action,  so  that  no  simple  measure  of  them  as  friction  is 
likely  to  be  discovered,  and  vre  thus  see  that  friction  is  a 
compound  term,  pointing  to  the  action  of  several  retarding 
forces,  and  to  comprehend  the  nature  of  these,  we  must 
analyse  these  natural  forces  as  they  are  respectively  called 
into  action  under  the  common  but  vague  term  of  friction. 


MICROSCOPICAL     SECTION. 

Ordinary  Meeting,  Feb.  16,  1864. 

JosKPH  SiDBBOTHAM,  EsQ.,  President  of  the  Section,  in 
the  chair. 

Mr.  Brothers  presented  some  very  beautiful  photographs 
from  microscopic  objects  to  the  Section. 

Mr.  Lynde  mentioned  that  one  of  the  members,  Mr. 
Grrindon,  had  promised  to  procure  a  supply  of  fresh  cotton 
plants,  in  all  stages  of  growth,  beginning  in  June,  and 
suggested  that,  as  the  time  for  their  examination  would  be 
during  the  recess,  a  Committee  should  be  appointed  to 
examine  the  subject  of  the  cotton  fibre  very  carefully,  and 
report  thereon  at  the  first  meeting  in  the  next  Winter 
Session. 
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Mr.  SiDEBOTH^M  suggested  that  in  using  very  high  powers^ 
such  as  the  l-25th,  if  slips  of  mica  were  used  for  mount- 
ing the  ohjects,  together  with  mica  covers,  there  would  be  no 
risk  of  damage  to  these  lenses,  which  could  thus  be  used 
in  many  examinations  where  the  fear  of  damage  now  prevents 
their  employment. 

Mr.  Dancer  exhibited  a  new  and  improved  Oxycalcium 
Micrpscope  j  the  lenses  were  adapted  to  the  ordiimry  form  of 
lantern,  and  consisted  of  new  cpmbinations  of  lenses,  giving 
a  large  flat  field,  and  plenty  of  light,  along  with  very  fine 
defittiticfa^^Tlw  room  was  darkened,  and  Mr.  Dancer  ex* 
hibited  an  ektensfive  range  of  objects  With  Several  powers,  on 
a  large  stretchnd  paper  screen,  8ft.  by  5ft.,  showing  the 
application, of  thip  in^trum^nt  to  the  uses  of  lectures  on 
varijoug  ^ulg^eta.  Besides,  the  usual  objects^  such  as  sections 
of  tfoddf  objects  mounted  ia  fluid,  living  apimalcuU^,  .*he  pro- 
cess of  dr^^talisaLtion,  electricfti  actkm,  &a,  wetra  exhibited* 

A  ilew'  combination  forming  a  one-inch  object  gkss  fbr  the 
achromatic  microscope  was  also  exhibited  by  Mr.  Dancer, 
and  was  much  admired. 
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Ordinary  Meetiugi  March  8th^  1864. 

J.  C.  Dyer,  Esq.,  Vice  President,  in  the  chair^ 

HoBATio  MiCHOLLs,  Esq.  and  Thos.  Windsor,  M.R.C.S., 
were  elected  ordinary  members  of  the  society. 

Mr.  Bbothbrs  presented  to  the  members  several  prints 
from  a  negative  photograph  of  Slater's  fine  bast  of  the  late 
Professor  Hodgkinson,  taken  by  the  magnesium  light. 

The  following  communication  from  Dr,  Fairbatrn  was 
read :— "  I  beg  to  forward,  for  the  information  of  the  society, 
some  singularly  corroded  plates,  taken  from  two  boilers  that 
exploded  and  killed  thirteen  persons  a  few  days  since,  at 
Aberdare,  South  Wales,  The  extraordinary  eflfects  are 
supposed  to  arise  from  the  water,  into  which  some  mineral 
springs  from  the  mines  have  been  flowing  for  some  time 
past.  Mr.  Fletcher  our  engineer,  has  submitted  this  water 
for  analysis  to  Dr.  Angus  Smith;  to  whom  I  beg  to  refer, 
I  doubt  not  the  specimens  will  be  interesting  to  the 
society." 

The  plates  appeared  honeycombed  on  the  interior  surface 
to  the  depth  of  half  the  thickness  of  the  plate,  and  the 
corrosion  evidently  proceeded  from  chemical  action. 

Mr.  Flbtcher  stated  that  the  corrosion  was  very  irregular; 
in  some  portions,  especially  close  to  a  seam  of  rivets,  the 
plate  being  completely  eaten  away ;  the  part  of  the  boiler 
situated  immediately  over  the  furnace  was  that  upon  which 
the  corroding  action  was  most  noticed. 

PmoGUDXxas— LiTt  &  Fsxxm  ^ocott—Ko.  H.--Si88ion  1863-M 
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Mr.  SFKNca.diMr  tbe  altentios  of  tkd  sinstyto^tiie 'great 
importance  of  the  question  of  the  action  of  acid  water, 
especially  in  this  district,  upon  boilers;  he  employs  the 
water  from  the  Rochdale  Canal  in  his  boilers,  and  unless  he 
were  regularly  to  use  soda  to  neutralise  the  acid,  his  boilers 
would  lindergo  constant  corrosion.  By  the  addition  or  one 
pound  and  d  htilf  of  soda  per  dierii  to  each  boiler,  the  plates 
were  found  to  remain  perfectly  uninjured.  " 

Ml*,  BTAiMWri  dommunicated  the  following  fetter  he  had 
received  from  E,  J.  Stonb,  M.A.,  First  Assistant  ut  'the 
Royal  Observatory^  Grecflhwich  i— 

"  Royal  Observatory,  Greenwich, 
'      '^    '  "London,  Fe^.  25,  1864.  ,  .. 

''Dear  Sir, 

>   ^  The  Askonomer  Itoyal  has  plaped  yoar  Utter  of  the  ^th 
>^ebruavy  ini  my  hands.  ^  •       '  ^    ^ 

" Yodr  discovery  of  the  ^willow  leaves*  on  tlie  sclisr 
photosphexfi  halving  been  teougfat  forward  at  ime  of  the  lail^ 
meetings  of  the  Royal  Astronoinl^l  Sodetyv  taf  atCtotlOii 
was  attracted  to  the  subject.  At  my  request  the  Astronomer 
|U)yftl  ordered  of.  Mr.  J.  Simms  a  toflepting  eyepieo*  fot/our 
great  ciquatoHal. .  Thaeyepieee  was  cowipteted  about  the  enl 
of  January  last,  aod  atH^he  first  good  qppottunity'  I  turned 
the  telescope  on  the  sun^  I  may  state  that  my  im^re&^on 
was,  and  it  appears  to  have  been  the  impression  of  seiv^al  of 
the  assistants  here^  that  the  willow  leates  ittood  ouft  dark 
ajgaiast  the  luminous  photospheiie.  Oa  looking  at  tha  sun 
I  was  at  once  etruok  with  the  apparent  re^olvabdUty.ol  its 
inottled  appearcuace.  The  whole  disc,  so  lar  as,  I  examined, 
appeared  tp  be  covered  over  with  ]:telatively  bright  rice-like 
partides,  and  the  mottled  appearance  seemed  to  be  produoed 
by  th^  interlAcijQg  of  these  partioles.  I  could  not  ^observe*  any 
particular  arrangement  of  thie  paiticles,  but  th^y  appeared  to 
be  more  numerous  in  some  parts  than  in  others,    I  have  used 
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the  words  rice-like  particles  merely  to  convey  a  rough  impres- 
BioiE of  iiiehr fimn i  I  tonsickr  thetB; likb  thefig^        '^^     •'■ 


,"t  hav9  seen  these  rice-like  particles  on  two  oqcasipos 
siijice^  but  not  so  well  as  pn  the  first  day,  when  the, defimtijow 
was  exceedingly  good. 

"  Yesterday  (Feb.  24)  I  saw  them  for  a  few  minutes,  hut 
lyith  .grea-t ,  difficulty*  I .  use  the  full  aperUu:^*  1  ^  inches, 
and  a  loiy  power.  .      •  /  .• 

*' I  am,  dear  Sir, 

*' Yours  very  truly, 

•'""''';;j;'-'''  ■'  7  '" " '  '  "E.  J.  stokb. 

*'J.  i^'swmjrth,  Esq.     ' 

ii  t^^JB^SHrOei  the^fimt  jday.lsant  them  It  csUed  Mri  Duukm^s 
attention  to  them.  He  appears  to  hoive!  seen.' them,  and 
fMlteiidertrtbe.fig^^fifaote  4o!  repi-eseht  them  Aiflyj  iie/says, 
iK^trevter;  tbftl  he  >shoiiild  nott  halve  Bfoticed  than  if  ht^ 
Attenibn  had  p€t  beeDi  eaUed  tatlulnJ''  ^  ' 

"Mrw  BAipi»:DEi.L^  F.'R.A.S.,  teid  W  papir  **0n  Periddlc 
Changed  in  th^  M^tgti^e  Oonditionr  of  the  Earth,  afid  ih  the 
Diitribdtion  f  of  Tifmpetatwe  on  its  Sut faeej" 

'  Goni^dsrattons  arising  t)trt  of  an  investigallc^  of  the  irre- 
gularitiM  ^iehf  take  place  in  ihe  ehaiiges  of  s6me  of  the 
^huiable^tarsrted  the  atrthbr,  some  time  ago,  to  regard  it  as 
highly  pi^abk^that  the  light  of  the  Am,  and  also  itis  inag* 
ilet)e>atMl  heating  powers,  might  be  subject  to  changes  (K  k 
move! complicated  natore'  than  has  been  Mtheito Supposed; 
and  tiitty<  besides  the  <^nges  which  are  indicated  by  the 
gveaier  or  less  ftofnency  ^' solar  spots,  oth^r  chlanges  of  i 
miaordMuracter,  and  occurring  in  shorter  perieds,  ihight  also 
take  pliM^;    ill  the  hope  of  d<3te^g  the^e  supposed  changes 
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the  author  resolved  to  undertake  the  discussion  of  a  series  of 
magnetical  observations,  and  for  this  purpose  h6  selefeted  the 
ohservations  made  at  the  Imperial  Observatory  of  St. 
Petersburg,  the  most  northern  station  at  ivhich  hourly 
magnetical  observations  hate  been  made  for  any  lengthened 
period.  Commencing,  therefore,  ivith  thfe  year  1848,  the 
greatest  and  least  values  of  the  magnetic  declination  for 
every  day  were  extracted  from  the  observations,  and  taking 
the  differences  and  arranging  them  in  order,  it  was  foutid,  on 
a  careftil  examitiatton,  that  they  indicated  changes  of  afetivity 
taking  place  in  a  period  of  31  days.  The  daily  oscillations 
were  then  arranged  in  a  table  of  81  columns,  and  taking  the 
means  of  the  numbers  in  these  columtis,  their  differences 
from  the  general  mean  for  the  year  were  fbund  to  be  as 
follow,  the  unit  of  value  being  one^  divisiofa  of  the  S6ale  of 
the  magnetometer,  or  26*^  of  arc :— 


"^JiSff 

"^.ST 

.DULtma 
Qen^ntT 

-       "^^ 

Mean. 

Mean. 

Day.    '        ^ 

Maan. 

:6ay.           pta. 

Bay.            pta. 

my.       •     pta. 

1    —     8-18 

9     —     7-86 

17  +     0-49 

18  +     6-36 

25     —     111 

2    —    8-25 

10  —  r-99 

SG    ^:   2-38 

3    —    332 

11    —    0-70 

19  .—    305 

^7    --    1-43 

4    +    1^8 

12  +     7'45 

13  +  14-83 

20     - 

h    2.6I> 

28    4-    8-41 

6    —    4-80 

21    • 

-    4rai 

.  29    —    6-51 

6    —    0-21 

14    +    9-22 

22     - 

-    5.80 

30    —    6-51 

7    —    1-52 

n    --     M9 

2*    - 

-    8-39 

31>    -    5-69 

8    ~    6-66 

16  4-  5-99  . 

24    - 

-    608 

A  projection  of  thes6  numbers  shows  that  of  the  seventeen 
consecutive  days,  1^  to  28,' the  amount  of  oscillation,  or 
range  of  the  magnetic  needle,  was  above  the  mean  value  on 
thirteen  days,  and  lelow  the  mean  on  Ghlyfour  days ;  while 
of  the  remhinrng  fourteen  days  the  range  was  6ehto  the  mean 
on  thirteen  days,  and  above  on  one  day  only.  The  total 
amount  of  the  differences  for  the  seventeen  days  of  Inakimum 
was  67*09,  or  3*95  per  day,  and  for  the  fourteen  days  of 
minimtlm  it  was  67*02,  or  4*78  per  day,  the  mean  for  the 
year  being  89*86.  The  rajios  of  the  average  excess  nf  a  day 
of  maximirai,  and  of  the  average  deficiency  x>i  d  day  of 
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imnimum  to.  the  mean  value>  are  th.^efore  as  1  to  10*09, 
and  as  1  to  8.34. 

Oa  prpceeding  to  examme  the  observations  for  the 
suqceeding  years  it  was  found  that  they  could  jiot  be 
jrepreeented  by  a  period  of  .31  4^y3.  ^It  appeared,  therefore, 
,^,4^st  sight  that  the  period  which  had  be^  obtained  for 
1848  was  merely  accidental;  but,  guided  partly  by  con- 
clusions drjawn  from  his  variable  star  investigations,  and  partly 
]t|y  the  high  degree  of  improbability  that  the  results  for  1848 
could  be  due  to  mere  accident,  the  Autho;c  was  led  to  think 
that  the  periq^  he  had  found  for  1848  might  beyariable, 
gradually  diminishing  for  a  series  of  years,  and  afterwards 
gradually  increasing,  to  diminish  again  when,  it  had  com- 
pleted it?^  cycl^  of  change.  Assupixing,  the;refore^  that  ii^  every 
y^r.penpdjc  change?,  took  place  in  >the  magnetic, activity  of 
the  sun,  the  Author  procee^d.  to  de^i^ipe  for  eaph  year 
the  most  probable  approximate  value  of  the  period,  and  he 
obtained  a  series  of  values  gradually  diminishing  till  1856, 
when  the  period  was  only  about  2S  days,  and  a&etwards 
rapidly  increasing^  until  in  18(69,  it  amounted  to  -about  32 
,  days.  A  gldnce  at  these  results  at  once  suggested*  the  idea 
that  thft  varifeible  period  thuB  fotmd  was  in-  some  way  con- 
nected with,  and  dependent  upony  the  great  solar  spot 
period,  the  minimum  value  occurring  in  the  ^ear  of  ininimum 
frequency  of  the  solar  spots,  and  the  maximum  values  in  the 
years  when  the  spots  wei*e  most  numerous. 
r  Several  series  of  thermometrical  observations  were  now 
examin^  for  indications  of  periodical  changes  iii  the  element 
of. mean  daily  temperature,  and  it  was  found  that  they 
exhibited,  with  imexpected  distinctness,  changes  in  this 
element  occurring  also  in  a  variable  period,  the  range  of 
variation  being,  however,  somewhat  less  than,  in  .the  case  of 
the  magnetic  eleraent^  although  the  times  of  maximum  and 
miningiujn  were  fdmpst  exactly  the  ^ame»  The  maximum  and 
n^nimu^  ya|^9  were  rei^pectivdy  3J^  and  23^, days. 
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A  table  is  given  showing  the  number  of  days  included  in 
iiiAOGiiatlmiaiidl!l&&minikmim'  pcmftioas  ofteacli- mean  rffsiiod 
for  the  yeabffi>lifl48  ta<1859/  iBuid  M^he^/numbin'>of,fi»3ei(ti«^ 
i^i  lorthose  txnij  wldcdi  diming:  tbfiima&iikiiim  part  of /the 
pmoiik/^^efmpeveitutevmB'bebWf  aad^daaring  tbftmiaiinwD 
pavt  if2wc^  the  mean  value.  Ftrom.  this  table  it  appetod  thai 
out  of <a  total  ^mnb^  of  165^  days  of  iBasimiim  oniy  14  urefe 
exQ^ptional;  amdoutof  a  total  of  IB4|[  Attjs  uf  tniirimmn 
Ihe'iiiimb^r  of  exceptional  days  was  bnly  il6i  The  mean 
gives  a '  ratio  alniost'  exactly  as  1  to  H .  Ccmsidering  ^hat 
the '  Y^lues^  of  ther  penod  in,  thie  diffai^nt  years- are  only 
appruinMte,  thb'  result  knayi  ba  •vqpEirded  -  as  affarding 
satisfactory  proof  of  the  existence  of  a  Tanabletperaod  of 
te|iipc9tutBre;i  b«li  ajcanspajrisan  of  the^lxiial  amoitnt.of -the 
diiffielvnceaiof  Itempevatttia  from'tdietnean^  and  tUe  amount  of 
tacleptioaal  diffemiote/whidh  is  git^  in-  attbthdf  taUb^iis 
Hindi morel  sttaikingiiHid  eanofaiBive.  -Fromtdiia  wat^ariaim 
tti  appeani'thot^againfll;  a  iotal  anount  of  25fi^l?.  o(  plm 
difflMfepeea  onimaxinntTn  ^ya^T  there: warfeipnly  8'17°(rfiBUMif» 
diflbniEloe9^  and .  agakiet  S6816I-  erf  4l»fiii»  ;di&te^^ 
ininimumHa)r9> titers  ivrere  onlyiJiVr9'^'of|rf»rdifkfenee8i  tbe 
meamtxBtio  of  Kfae  amount:  of  .^xoeptianaL  dsfimnees  to  tlie 
taftal  ^iBKiuRti  being  tUerefooera^i  to  £S':7<  -  ,  .  >. 
.•hAM  SiuPetersUuog  thB  a^fetage  tempertaiture.  of  ther«vatBMff 
half  of.  the  ( ipdriod  ia  oicrt^lebs  (diatn  a";  gtoe^et  tiilan*  tlmt  of  the 
cooler  half^  landaatkis'diflkieciceof  Jtempeiw^unedairepCKitedat 
least /twelve  tittesmeKrery.ycar^itiBUstinecessaiily  exercise  (« 
powerful:  in<Mtil)riiig   inflnenoei  ova:    many  metcoroilogtcal 


" ,  With  reference,  to  the  differences  between'  the  maxkauin 
aiid  miiiinntoif  values  of  the  magn^tioand  :tbe  cortespendi&g 
values  jof  the  ^tempecaCuve  period,  tt  isi remarked  that  lowing 
toioccasiottalinteirrupliQiie'of  tJie  magnetioal  observation^  and 
ix»  the  .eoonnousi '  extoaiit)t  of  the!  xDscillatioiis  of*  i  the  ineedte  on 
particular  dayb^  the  values 'of. the  magnetic  p^tibd  givMm 
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ibe:  fiAper  oput]^  feqtdre  some  iconectionj.  stili  iiltyisnbdybsed 
ibM>tI|(rvftnges  (tf^llia  two  peHiids  lord  ncrtifleiiticaL  /  ':  ;t 
1  Abother  iptciod  of  change  havm^  a  inean  duratioilTof  xa^M^ 
oweeighteeti  monlhsi ift  theiix^feixsdtow.  iT]fae;AiiAh(tar.mi[^ 
tot  led  tp-it  ftoih: a^dncunrioiuof  the  Goeeonnoh -magnetum^ 
ofasertfitiota>  for  tiie  yesiiB  ISSStd  fSdft;  .and  fit  has  been 
mnfinhmwd  lory -iH^  ifebiilts:'  of>  a*  disoossionjHof  tttnpeii^liuro 
observattblis  maQeat  BniBselsy  in  iEiivo|ifBy  andiat  lifakwi^k^ 
inilAsiaii  liris  obvioiis  thai  tkis/p&idad'mUiat  timed  interfere 
sineibljn^th'thei  fliioirtk  tAlB,  and  iit  i^  ptbhiMe^ihht^oaie 
oft ilie' bases  whidiha^e  been  •oalledijeaeep&inalinay^berdtte 
tp  HaiBii^t&tSexemoe.  i  >  ■■  -'  •  ■  ■•  ')  i"  ''  ;.-.  ,,..,,*.,, 
..  As^  it.majrpefciiaps  «t3tcite  anrpvise that  rnr  ibis; oaiArestiga* 
tixm  noose  had^beennaadeof  (the  finrserifr  of^obsemraHMi 
taken i^at  the  .British  Colc^al  Olidervaloiks^  ilf  iir.veinailied 
thatia  little  eoiteideration  ivffl^enre  tbishoifTtiiiiit  in  thc.fearljr 
stAge^vatileast^  <>£  aax>iiiquiiif  like  tbe.present^^litfie  ;qr  m 
idkace  coald  lie  placed  on  ri»al)ts  ideadisedifroin  sctiesi  df 
obsecraftiras  in  avhich  e^erjri  iset^th  daf«  orJfi%-twQ>dftyfitit 
the  f&atim&e  oojnplete  UhhU«  ;  It  faas)  in!  faot^thcenrfiiuhd 
tbat  ihe^onimonl  oil ia'singio/daj^in^ai year  wlH  in  eooke  eases 
produce  a  very  sensible  effl&ot  uponwtbd^  £n»l[  resubBtfof  tbe 
SMigaQlie  r^nodi  .  Sjoofe  it  k  ithat  the  Antltiex  rej^axdft  seme 
ofithe  malaes.he  hsB^^^btaihed.fbr  Aisiperkidi.astbqingfopeA -td 
eorjbection  irheKLihrn^ajDhaTean  oppeiiaBky  of  >lnka8iiiig 
moie  eompleto  ^etaof  ebsensations.^ :  v^enentiiBabiiser/  in^hii 
teffriolaboiatediscussions'of  theima^etioalobm  iqitidninnMidil 
at  the  colonial  observatories^  separates  the  larger. aoovofnaillf 
ef.the  needld;  fneon  the  general  ma^s^  und  treaJtsi  iimtk  as 
^^ulMeffdintry^  di»t6rbanoes>:ii88iiinihg  appiarentty*  that  fthe 
two  ^  classes  :  (d '  ocdinary  :and  extraonhnaTy  distutbances  i  >lure 
due.  to  diffeteilt  'causes. .  The:  Author  had^  bbweper^  not 
ventiltiredio.ftdopt  this  niodeof  proceediilg^lmthas  psefeited 
^1  regat4  iU  the  merements  bf  tAie  m^et^t  xj^ieAen  laxgei  our 
•mall,  as  having  a  common  origin,  and  his  discovery  of  the 
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temperature  period^  by  aoting  upoii  this  view,  may  be  regarded 
as  affording  strong  evidence  in  its  favour. 

With  regard  to  the  probable  cause  of  the  variability  of  the 
short  period,  the  author  remarks  that  the  subject  is  one  of 
great  difficulty,  for,  while  the  facts  seem  clearly  to  belong  to 
the  domain  of  astronomical  science,  he  has  found  it  impossible 
to  frame  any  hypothesis  to  account  for  them  without  calling 
in  the  aid  of  some  principle  which  has  not  hitherto  been 
applied  to  the  explanation  of  astronomical  phenomena.  It 
is  therefore  not  without  considerable  hesitation  that  he 
ventures  to  observe  that  the  facts  would  perhaps  be  best 
explained  by  supposing — 

1st.  That  a  ring  of  nebulous  matter  exists  differing  in 
density  or  constitution  in  different  parts,  or  several  masses 
of  such  matter  forming  a  discontinuous  ring,  circulating 
round  the  sun  in  a  plane  nearly  coincident  with  the  plane 
of  the  ecliptic,  and  at  a  mean  distance  from  the  suu  of  about 
one-sixth  of  tl;e  radius  of  the  earth's  orbit. 

2nd.  That  the  attractive  force  of  the  sun  on  the  matter  of 
this  ring  is  alternately  increased  and  diminished  by  the 
operation  of  the  forces  which  produce  the  solar  spots,  being 
greatest  at  the  times  of  minimum  solar  spot  frequency,  and 
least  when  the  spots  are  most  numerous. 

8rd.  The  aUractive  force  being  variable,  the  dimensions  of 
the  ring  and  its  period  of  revolution  round  the  sun  will  also 
vary,  their  maximum  and  minimum  values  occurring  respect- 
ively at  the  times  of  maximum  and  minimum  solar  spot 
frequency. 

In  reference  to  the  nature  of  the  varying  attractive  force,  it 
is  not  improbable  that  the  matter  of  the  supposed  ring  may  be 
highly  diamagnetic,  and  being  much  nearer  to  the  sun  than 
any  of  the  known  planets,  of  much  greater  bulk  and  lightness, 
and  being  subjected  to  a  much  higher  temperature,  it  will  be 
very  sensibly  affected  by  the  changes  which  take  place  in  the 
magnetic  condition  of  the  sun,  and  when  interposed  between 
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the  earth  and  the  sun,  it  may  act  not  only  by  reflecting  and 
absorbing  a  portion  of  the  light  and  heat  which  would  other- 
wise reach  the  earth,  but  also  by  altering  the  direction  of  the 
lines  of  magnetic  force.  The  changes  of  temperature  at  the 
surface  of  the  earth  will  thus  be  due  partly  to  differences  in 
the  amount  of  heat  received  from  the  sun,  and  partly  to 
changes  in  the  movements  of  the  great  currents  of  the  air 
produced  by  alterations  in  the  earth's  magnetic  condition.  If 
the  larger  part  of  the  difference  of  temperature  is  due  to  the 
latter  mode  of  action,  we  might  expect  that  during  the 
warmer  half  of  the  period,  the  mean  direction  of  the  wind  at 
any  given  station  would  be  sensibly  different  from  that  during 
the  cooler  half;  and  also^  that  the  epochs  of  maximum  and 
minimum  temperature  would  not  be  the  same  at  all  parts  of 
the  earth's  surface.  Both  of  these  conclusions  are  borne  out 
by  the  results  given  in  the  paper.  Thus  at  St.  Petersburg 
in  1859  the  mean  direction  of  the  wind  on  maximum  days 
was  S.  54°  W.,?.nd  on  minimum  days  S.  73°  W.  at  19°  more 
to  the. west  of  South;  and  at  Sitka,  on  the  north  west  coast 
of  North  America,  in  18$1,  the  mean  direction  on  maximum 
days  was  S.  32°  W.,  and  on  minimum  days  S.  56°  W.,  the 
difference  being  24°.  As  striking  instances  of  the  differences 
in  the  epochs  at  distant  stations,  it  may  be  stated  that  in 
1859  the  epoch  of  maximum  at  St.  Petersburg  corresponded 
precisely  with  the  epoch  of  minimum  at  Madras ;  and  that 
at  Pekin,  in  1851,  the  epoch  of  minimum  was  exactly  coin* 
cident  with  the  epoch  of  maximum  at  Sitka. 

Changes  in  the  amount  of  heat  received  from  the  sun 
sufficient  to  produce  the  variations  of  temperature  observed 
at  any  given  station  would  no  doubt  affect  the  movements  of 
the  great  currents  of  the  atmosphere,  though  not  to  the 
extent  indicated  by  the  observations;  but  it  is  diiEcult  to 
conceive  that  they  could  produce  the  differences  in  the  epochs 
which  are  found  to  take  place.  We  may  therefore  fairly 
conclude  that  the  action  of  the  supposed  ring  of  nebulous 
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matter  is  principally  of  a  magnetic,  and  but  slightly  of  a 
thermal  character. 

It  is  suggested  that  the  greater  range  of  variation  of  the 
magnetic  as  compared  with  the  ti^mperaturc  period  may  be 
due  to  the  inertia  and  elasticity  of  the  great  currents  of  air, 
the  inertia  tending  to  lengthen  the  temperature  period  and 
the  elasticity  to  short(?n  it ;  but  as  the  inertia  will  act  with 
greatest  effect  when  the  magnetic  period  is  at  its  minimum, 
while  on  the  other  hand  the  elasticity  will  be  most  effective 
when  this  period  is  at  its  maximum,  the  result  will  be  a  range 
of  variation  of  the  temperature  period,  somewhat  less  than 
that  of  the  magnetic. 

Adoping  for  the  present  the  maximum  and  minimum 
values  of  the  temperature  period  as  being  determined  with 
greater  accuracy  than  those  of  the  magnetic  period,  the 
greatest  and  least  values  of  the  sidereal  period  of  revolu- 
tion of  the  ring  will  be  291 2  and  22-08  days  respectively. 
From  these  numbers  we  find  that  the  gi-eatest  distance  of  the 
ring  from  the  sun  is  0.185,  the  radius  of  the  earth's  orbit 
being  taken  as  unity;  the  least  distance  0.154;  and  the 
mean  0*169.  Taking  Mr.  Hind's  value  of  the  mean  distance 
of  the  earth  from  the  sun,  namely,  91,828,600  miles,  we  have 
Greatest  distance  of  the  ring  =  16,921,000  miles. 
Least  „  „        =  14,068,000      „ 

Mean  „  „        =  15,494,600      „ 

and  the  range  of  movement  to  and  fro  in  a  radial  direction 
=  2,863,000  miles.  The  greatest  attractive  force  of  the  sun 
on  the  ring  being  taken  as  unity,  the  least  mil  be  0*691. 
The  difference  is  therefore  nearly  one-third  of  the  maximum 
apiount.  It  will  be  evident  that  this  difference  may  be 
regarded  as  a  measure  of  the  forces  which  are  concerned  in 
the  production  of  the  solar  spots. 

The  results  of  the  elaborate  investigations  of  the  motions 
of  the  planet  Mercury,  made  by  M.  Levemer,  led  that  ac- 
complished mathematician  to  attribute  a  certain  unexidained 
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excess  in  the  motion  of  its  perihelion  to  the  action  of  a 
disturbing  body  circulating  round  the  sun  within  the  orbit 
of  Mercury ;  and  from  a  discussion  of  the  probable  mass  of 
the  disturbing  body  he  concluded  that  it  could  not  be  con- 
centrated in  a  single  planet,  and  that  it  consisted  of  a  ring 
of  small  bodies  similar  to  that  Avhich  is  known  to  exist 
between  the  orbits  of  Mars  and  Jupiter ;  and  it  is  remarkable 
that  the  mean  distance,  which  he  seemed  to  regard  as  the 
most  probable,  is  precisely  that  which  the  Author  has  found 
for  the  ring  of  nebulous  matter  whose  existence  he  has 
assumed  to  account  for  the  phenomena  described  in  his 
paper.  This  unexpected  and  unlocked  for  agreement  between 
results  arrived  at  from  considerations  and  by  methods  so 
totally  different,  seems  to  establish  the  existence  of  this  ring 
with  quite  as  much  certainty  as  the  results  of  the  profound 
researches  of  Adams  and  Leverrier  established  the  existence 
of  Neptune  before  that  planet  had  been  actually  seen.  This 
ring,  howevei-,  owing  to  its  proximity  to  the  sun,  may  never 
be  seen,  and,  like  the  dark  companions  of  Procyoti  and 
Sinus,  it  may  only  be  known  to  us  through  its  action  on  the 
other  bodies  of  the  system  of  which  it  forms  a  jmrt  Should 
future  researches  place  its  existence  beyond  doubt,  this  will, 
it  is  believed,  be  the  first  instance  in  which  the  conclusions 
of  physical  astronomy  have  been  confirmed  by  the  results  of 
an  investigation  of  magnetical  and  meteorological  phenomena. 
Whether,  however,  the  hypothesis  which  the  Author  has 
ventured  to  put  forward  be  accepted  or  not,  it  is  now  very 
evident  that  observations  of  solar  phenomena  merit  a  much 
larger  share  of  attention  than  has  ever  yet  been  devoted  to 
them.  It  has  long  been  suspected  that  the  same  causes 
which  produce  the  spots  on  the  sun's  disc  must  in  some  way 
have  an  important  influence  on  the  phenomena  of  our  own 
atmosphere.  The  facts  now  given  convert  this  suspicion 
into  a  certainty ;  and  it  is  perhaps  not  too  much  to  say  that 
meteorology  can  never  take  rank  as  a  true  science  while  our 
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knowledge  of  the  sun  remains  in  its  present  imperfect  state. 
Moreover,  there  is  little  doubt  that  many  questions  of  high 
physical  interest  depend  for  their  solution  upon  our  obtaining 
a  more  intimate  acquaintance  than  we  yet  possess  with  the 
operations  which  are  going  on  in  the  great  centre  of  our 
system.  It  i^  thf  ref9JfB  imoh.  to  be ;  de^ed  fchnfc  vSome  of  the 
many  observatories  which  are  now  established  in  various 
part^  #  thewoflcl  shouW  be  specially  devoted  to- obs^rvMiois 
of  the  sun,  and  solar  phenomena  generally ;  and  that  the 
princiiiiil  ihaghetk^al  .and  meteK)tolc>gical  elements'  should'  be 
objervediTdfaily,  without  interruption,  at -all'  the  regular 
magnetical  and  meteorological  observatories. 

It  may  be  stated  that  the  values  of  the  variable  tempera- 
tnH  p^ridd,  given  iJi  this  paper,  ivere  derived  frbrii  observations 
made  at  St;  Petet^burg,  Wardoe,  Ghorkt,  Bamaoiil,  Irkoutzk, 
Nertchinsk,  Yakoutsk,  Pekin,  Madras,  Novo-Petrovsk, 
Lougari,  Zurich,  Geneva,  Milan,  Brussels,  Greenwich, 
Jakobsharbiti  Greenland,  and'Sitka  mi  the  north-west  coast 
of  North  America.  The  comparison  of  the  variable  tempera- 
ture period  with  the  solar  spot  period^  extends  over  the 
twenty  seven  years  1833-59,  and  therefore  includes  three  . 
maxima  and  three  minima  of  solar  spot  frequency. 
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Ordinary  Meeting,  March  22nd,  1864. 

E.  W.  BiNNEY,  P.R.S.,  F.G.S.,  President,  in  the  Chair. 

Messrs.  Oliver  Heywood,  James  Mudd,  Leslie  J.  Monte- 
fiore,  and  C.  A.  Duval,  were  elected  Ordinary  Memhers  of 
the  Society. 

Mr,  HuKST  communicated  the  following  letter  from  Capt. 
John  Mitchell,  Superintendent  of  the  Madras  Museum:  — 

Madras,  13lh  January,  1864. 
To  EL  A.  Hurst,  Esq.,  61,  George  Street,  Manchester. 

Dear  Sir, 

I  have  the  pleasure  to  acknowledge  the  receipt  of  your 
letter  of  the  10th  November,  1863. 

There  are  very  few  microscopists  here,  and  as  I  do  not 
know  any  person  who  is  likely  to  undertake  the  examination 
of  cotton  fibre  in  the  various  stages  of  its  growth,  I  have 
resolved  to  do  so  myself,  in  the  belief  that  the  subject  is  one  of 
sufficient  importance  to  justify  me  in  devoting  one  day  in  the 
week  to  the  inquiry  so  long  as  may  be  found  necessary. 

I  have  accordingly  made  arrangements  with  Dr.  Hunter, 
Honorary  Secretary  of  the  Madras  Agiihorticultural  Society 
(who  at  once  promised  me  every  assistance),  to  receive  weekly 
on  Saturday  a  few  pods  from  the  Society's  grounds,  where 
cotton  of  all  kinds  is  growing. 

I  have  already   given  four  days   to    this    inquiry,   and 
although  it  is  still  in  its  infancy,  I  have  obtained  some 
PAO0£Bonco3— Lit.  Sc  Phu.  8ocibt7-~No.  Iff.— Sbssiox  1863-64 


-  262 

interesting  result«^  which  I  Will  at  once  briefljr  omniuiiiCaM. 

I  began  the  examination  with  pddd  that  imm  suf>po6ed 
to  liave  heen  just  formed.  In  thi«^  the  eiudiest  stage^  I  f#und 
the  cotton  hairs  just  becoming  visible  upon ;tii^siiifaeeo£  the 
seed  as  minute  transparent  hemispheres  tcontauiin^  a<  few 
motionless  granules-^I  should  pevhaps  8a}r^lmii$]|UfCf^nt^ifor 
the  cotton  hairs  do  not  seem  ever  to  be  tcanfiparent*  > 

in  a  more  advatlced  stage  the  seeds  w^re  o6vj»red(  .with-  kws 
which  contained  numerous  miiHi te  grannies  fl0atiQg  in;  a ,  ye^y 
fl!uid  and  cl)loui-lefe5  riiUcus.  An  active  ^rotation. of  th€^  eell.  cfln- 
tents,  exactly  likfe  th^t  itt  Ni^ell*,  wa«  :$een  in:all  tfhe  Ji^irs 
thathatl  not  been  injured  by  pr08«UTe,:aadco»tinujBd:fi)r  a 
considerable  ttitte,  at  le^st  hatf  an  bourw  I  ibund  it  qoi|14  be 
seen  with  Ross's  half-inch  and  the  faigheir  .eyepiecesj.huit  I 
used  chiefly  a  iVth.      '     ^     '     -    i  '    .       .    r»       ,       ; 

In  a  pod  apparently  soihiBwhftt  older  the-  ajqiearjEtnoeiionly 
differed  by  the  cell  contents/  \^ich  I  'have  caJJM^  cqlo^rfess 
niucus  above,  becoming  thfcltened^  andthe  grai^l^  somewhat 
smaller,  so  that  we  had  a  fine  granolitr  nuftcus  of  t;  p^ila  buff 
colour.     ''■"'"'  ■    ->  ..   .,      ^  ,^         ,  ,^,^  J  ^, 

As  the  pod' becombs  old^f  th^  eeil  cohtasis  t^{]fe^  to 
increase  in  density  and  i^tatioti  46'eease';  at  leiat  I  have 
not  seen  rotation  untess  in  the  hairs  of  young  seeds^  m^  seeds 
from  youh^  pods  oif  perhapis  frotn  twd  6i  three  to  tenior  tWjelve 
days'  growth.  I  have  hot,  unf<»ttfnately,  been  able  to  learn 
the  exact  age  of  the  pods. 

On  Saturday  last  I  plucked  a  fine  pod  of  Queensland'  cotton 
(growing  in  the  garden  of  a  friend)  that  wfls  supposed  to  be 
nearly  full  grown,  and  was  upwards  of  tivo  inches^  in  vertical 
diameter.  In  the  hairs  of  this  I  foutid  generally^  b^t  not 
always,  a  considerable  amount  t)f  secondary  deposit,  made 
evident  by  the  thickening  of  the  walls  and  by  its  action  on 
polarised  light.  But  in  the  hairs  of  yotinger  pod«  thiere  was 
nothing  of  the  kind,  and  the  walls  wete  so  thin  as  scarcely  to 
afford  evidence  of  their  presence,  it  requiring  considerable 
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power  to  bring  out  the  usual  double  contour  line,  and  they 

tawi nnactjon, «i»gljf,  on  polarised  jlight,  although  they  became 

falitrtft'lumiDouBin  amass  of  mftpy-  ,    ' 

^'^lti  .gMrmngtbotioa  labile  igi  an.^lonj^ated  coixeSvith  a 

li^iliispheiieal  apeXj  artd^  of  courS(9>  a  circular   transverse 

'fectetfon. '  Eaoh  hair  id  a  swgle  cell.  .  J  h^ve  sought  in  ,vain, 

•virith  all  potfets  and  erery  ]dnd  of  ill^roiI3l^tfion  that  I  thought 

likely  to  tender  it  visible,  fior  any  section  or  transverse 

dhnsidti  dn  the"  haifiiS)  aiid  I  have  b^en  equally  unsuccessful 

ifi'ittyiseaifeh  forfijiiralfibres^  which  Mr.  O'Neill  says  he  found 

"  in  cotton  by  means  of  re-^agents,  a^d  J  b^lieye  I  ajn  justified 

'  in  sayiug  that  spiral  fibrfe  did  not  exist  in  mj  cotton  hairs 

•'  hitherto  ejtamiued by  Bje.'  .  But  I  have  yet, to  examine  pods 

'  of  a  la  tei*  growth,  and  spiral  fibre  may  yet  appear,  but  J  must 

^  tH)nfefi»  I  da  not  expect  it. 

I  have  not  seen  any  twist  in  growing  fibre,  and,  notwith- 

standiftgtheprcBSnreto  whicj>.thehaii|s  are  probably  exposed, 

"  t'have  sieeii  noflattdnuOkg  ftom  this  cause,  ^bijt  the  hairs  of 

^  *  course  collafpse  and  bwoi)le  flat  when  from  any  cause  the  cell 

liont^litB  at^^seiut.  Fromsect^s  Ihave  made  and  examined  I 

believe  that  in  the  younger  pods  the  hairs  wind  round  the  seeds ; 

in  tb^' mole  advanced  stages  the  hairs  of  neighbouring  seeds 

"^  intinfiin^e,  and  this  npay  account,  for  the  bent  and  twisted 

'    appearance  of  dry  cotton,  that  is^  in  some  degree;  but  the 

'  principal  cauee  wiU  do«btlcs3  bn  fpupd  in  the  desiccation  of 

the  cotton  nfttr  it.  is  ejiposed  to  the  sm\  by  the  bursting  of 

the  capsule. 

I  mUst  not  ortiit:  to  mention  that  when  by  pressure  a  portion 
of  the- coQtentfrijt.  expelled  Irpm  the  cotton  hairs,  it  frequently 
Appears^in  the.  form  xrf  sm^  ^ph^res,  in  which  an  active 
fnoleculaT  moveiqeat  o£  granules  is  seen,Just  as  in  the  mucous 
corpuBoles  from  the  mouth,  from  which,  in  appearance,  they 
oiriy  differ  in  their  larger  size. 

I  have  seen  in  fiome  dry  Sea  Island  cotton,  with  a  iVth 
and  pdlariaed  light,  what  Mr*  Sidebotbam  (was  it  he  ?) 
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took  for  spiral  A^resj,  I  presumof  biit^ Aey.p^  .only  yisiW^jq. 
places' knd^oi  inei\\  hairs. ^    I  confes^.  tW,  flit  p,rfi?^t  il  >am 
a  sciepti6  oil' thif  point.  ^  ^^^    ^.^  ^;^,.,  _  .  rM-i.'t  .^  .-.^  ;'.mi'  a-  ,:-; 
%ithkpoWies  for  tliis  hAsty  letter^,       '..>.».'.  : 

I  am,  Dear  Sir.    -    .;   .   ,    f-.-w/i   :     •  •■    '^ 
)i'>.'.u-   '    '*i^ourmo8t  obc<Jien,t^erv{yj^  ;  ..  • 

Pitoffessbr  HbS(Jo^  riead'ttie  following  ;eX|lfaf)f;^fli  ,ft^}€tter>... 
TvM^ii6^htia'te(ielve^  from  Professor  Bpettgcr^^Qf  Jfj^forti...; 
re^pecfhr^'W^'ottfiiiTence  of^  m^  ^^^^ti^C  C8?6iu^,iRMW#,um  .  > 
and''Th<tn{trti(i  tbge^lier,  in  the  salt  ob.tainecj  ]by  eY«g)Oialin®.  . 
the'niih^f'Wat^of  l^atit)eim,'n^^^  .'..,..  i.    i 

*^^Hci  NtiMeiiil'syUis  a  liigtity  valuable's^^^  >. 

peAa^  the  Vrtity  iiik^enat  }rom  which  Cesium  CAi^,  |be.  pbt^J^d  , 
inqtt^tlty.'  ''Afcd6rding  to  ray  ex^)enmej>^s,  j4<^)yt,,  pCitl^i^^  .: 
salt  yifelds  i?b. '  bf ■  double*  cliloride  of  Cse^iup  ,«^fld.  I^tet^nuB?^  .. . 
coiitahiifig'gniail  quatititiisis  of  tlic  Rubidium  and  Tlj^mppi,  ii 
double  salt.      At  my  special  request  the  "Kurfurstliche 
Salzamt"  in  Nauheira  has  arranged  to  sell  this  eyzjpp^fitei 
salb/^pfefeMn^' i'lVcltidfed/  at  the  exceedingly  low.r^e  .pf^pp^  • 
thalei?,(8s;7  per'fewt.    in  niy  spectrum  investigati.(j^  ;^,i^lp^os4j»  // 
invariably  employ  a  flame  of  hydrogen  in  place  of  t]ie;cq^p^t|' 
ButiseA'^ltttttp'/  d^  by  rtiis  mertns  t  qbtain  a  higli^r  t^i^^eran*.  '• 
tui*^^   ftnd' rtr(?Mii\t's'h]^])caV  iliercloic  more  distinc^t.,  ,  XJl*^ 
spcthnntibf1h6'li  ipld  plutimnu-ciiloiiileof  CffiMUiiijIiLv^bi^ivW^.     1 
audiTlwlH^tn  ihils^  obtained  exhibits  in  the  fi is (, place;  jtt^e.u 
wcllKleiim?d  ^n^ha-ldgrctn  iine  of  Thallium^  soon,afjteiwa?ds:t 
theittwb  NilUavit"  blue  tiesiiim  lines  apiicar  close  loget^ier...... 

then  4ho  Aiery  bnmfl  Jiiid  ill-ctcfined  blue  bands  pf  llubidiiM??, 
arc  sednj  as  WellW  the  t\v6  nanow  red  lines  characlpristic  pf 
thismdlal."  '  '  ■  '""'     "     '    "  '    '  ■  '  "      '    , '.^:^  I    ^  ^,;  ^^,    _,    ,', 

",I'hav(^'latdy. discovered  ihe  presence  of  Thalliun-^  ugt o^}y 
in  nmtiy  other^'hnncfal  \Yatei^,  but  al^o  iu  the  .V9geta]?(li?... 
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kittgdoih/iil  vfei^^  mintiie,'  altliough  perceptible  quantitie^^*  , 
Thite  irhilKutii  dcdatB  in  tte  asli  or  tte  cBarcoal  from  ,wiixe 
yeast,  in  molasses,  tobacco,  chicory  root,  &c.     If  four  poun^® 
of  any  of  these  substances  are  taken,  a  quantity  of  the  double 
chloride  of  Platinum  and  Thallinm  is  obtained  sufficient  for 
many  experiments,     Adcbrding  to  my  most  recent  experi- 
ments, ThalHumWbtirs  in  the  dust  from  the  pyrites  burners 
as  ThttlHtrtii4lr6ii-Alutn.      I  liave  lately  prepared  this  salt 
directly  from  the  sulphates  of  Thallium  and,  Irojii;  it  is^.tjip 
mctet  easily  ^oltible  df^allthe  tliallium  ^alts  j  It  p9J$ses;^^.tli^  ^ 
palfe  TeftMffeli  amethystine  'cofour  o^  ammo^ia-irpn-al^l^,,Jt'*. 
cryStaOtli^^fe'^like  this*  salt  in  large  regular  octol;iedr^,  find, 
cousteiii^   B-i  '  atoms'  of  water.    Sulphrjite  ojF  TTli^unfi  is  - 
isomorphous  with  sulphate  of  I'otassium^  and  thef^t  of  tb« 
formiltibil  of 'fhe  al)Ove  ttoutle  salt  fs  another  proof  of  tjie  pJqw  , 
relktfeh^ij)  between    liiatliiim   and  the   alkaline  niCitaU, 
ind^I^^ndentiy  bf  the  fact  that  it  almost  invfiria,Wy  ^ocom- 
panfes  Pbtia^ssiura;  and  not  uiijfrequently  botlj  ,C^ie§im^  .a»d 
Rubidl\im.*  ■'  ■         "'  ;  ■'     /:',."..    \"\,        ■■'-     '  - 

A'Pdpdr  Was  tern  by  J.  C.  Dyei^,  V ice-Prpsj^dent;,  ^liti^led 
'*  Notes  on  Spinning  "Macliines :  Part  1 1  ThaJi^Iul^  fenny  :■' 
wh<r  stated  that— .  .    '   ,        , 

Twd  diiitirici  principles  were  embracedfi^  tbe  iuy^pjifwis  of.' 
James  Harg ten ves    aiul    liichar^   Arkwright^  wb(ijclr  were, 
afterwards   cohibuicd   Tv    Samuel  Croiup.top,   to,,<bvn)   the 
beautiful  power  driven  niaclune,  called  th|B  Mplp^   A*kt>iighU  . 
employed  the   throstle,  or  tliroated  ppindje,  wj.^h  aunts' or 
"  flyers,**' to  conduct  tbe  threads  on  jbobbins,  ^rrftuged   in 
statidnaty  fiamcs;     tfargi  caves  emjjloyecl  ;Pokfld/ spimWes;  > 
arrafn^ed  dn'a  traversing  frame  or  carriage,,  by  )fvluch.:tbe 
threads  were  drawn  out  (about  5  feet)  in  horizontal,  line?, 
whilst  being  twisted^  and  were  then  taken  up,  ov  woudd,  ' 
on   the    spindles/' to  lonn    ^'cops,*'    wbAst  the    carriagei 
returiiitf  to  th^ '  rofer  team  for  another  '*  stretch."    This 


^)ifafcesa:gfeiieai,^;^hj9  .payl^  ^^tj^  the  j)eculiar  soft  property 

ikht  d}sdj^\mi^r\p,ijf^,fl^^  9r  water  twist!   Wlieii 

,ihe:^CMttiiptoi^  MA^l)^'?a^q9i|it(^j{jei^eral  use.  several  improv^- 

"tiientai 'w/jrc' j}ia4fi  ii^  ijta  gqiistrpqtion;^  by  differe|it.eininen|t 

/'mechiaiuoim^ ,  ,o|,  yf]iQVf^  Mr^  JoHa  Kennedy  and  Mr.  ^eiet 

•PwartjW^re  ,th^  n^P^t.gjpine^t^tut  it  would  form  a  long  list 

^6pQ4at;pttJ  tbe_i^i4)i9i^,.pftao§e,  improvements  before  any 

ntrtahkiefiWte'Wl*o  lOa^de  to  render  it  a  sejf-acting  machine. 

i    lit;  WBa.  ttevtas^  ,pf  t^^-f^h^nd-spmner"  to  guide  and 

ijregukiifei  Ibhfk  .f^jPRttipg.  i|p"  t^iej  c^rri^ge  aijiA  w^iding  tile 

•tfareadfl..an'.th^,|?piu4ks,,.af^^jr  tl^ey^  h^     been  spiin,  and' to 

^fperformiti*e§0'i^?j)53ta,tiflns,^jt^ie  .Sjelf-aeting  movemeiits  were 

i-drrii^^f  t(^.reuj[le^,tf^|^j,iijulp,ind^^^  skill,   ^ftie 

•i»al  fliffi»mlty;tOJ^d^^^tlle,lJ^^le. a  self-acting  was 

^dbkA^  canfciH54:^.Wj>jdij}g^,^l^c,  thrcaS^^        |he' continually 

'changitig  iijrm»  and  si;5^  qf  the  cops., 

<;    kChiQ-%g[t;notjjil?li^iat^ei}^p|:  to  construct  a  self-acting  Miile 

/JWfiaJHia4ef,b5r  jyf^>fNi^l,Spo4g^ass,  about  the  year.  liSiS,  h\it 

his  plan  appears  not  to  hav^  atUacted  much  notice.  'The 

nueK^  \l^fw,the  p^te^  obfjained  by  Mr.  WilUani  Eatoii,  of  Wiln 

fMMill/(j[)»Jth|^  T^r^it  in  l^rby^bjre),  dated  in  jDecemfeer  1818. 

^  Mif.  Jirtwha^.JaifJ.dojYn  >f;ith  great  exactness,  the  niechanldal 

I'imiQat^  of  Kiwig:ftU  X]^^  ^^oyeraea^  required  for  a  self-acting 

'inUle^Mwrhic|^,^r^,,^pp^at§Jy  and  minutely  described' in  Tliis 

.7i^p^ific,4tiQ$^c  rMrf,4Satpii.^n4  Jiis  sons  estabhshed  a  spinnlhg 

.TniU^;*y!ith  hkuPf^^^l^M^l??;  to  the  extent  of  about  SIJOO 

r.(^spi»dksJfi^  jCl^fpstp^jferStree^,  Manchester,  whicli  Wcr4' in 

1.  opeJ^ti«n,i,n.the  jefusj  l§21  a,nd  1822.  where  they  were  open 

to  gejii«rigil ii^sp^ctionr.  ,-_.,  ,.  ^,j^_  .  ,^^  ,  /  ^  '"  \^"'  '"  / 
'  S\  dlteii^xf  sglf-act.iijg;,iiijiu],9  was  patented  hj-  Mr.  Kicliard 
n  ,Robeyfs,  iiiil$^5;  ,  I^is  ,wii]din^-on  process,  however^  1)eing 
'  imperfect^  iprey«n(|Qd,  hji^  mijl^  A'pm^  coniing  much  iiilo  hse 
.  UBtil  his  Be<?Oiwif  patent  wa? Jbropght  out,  in  1830,  which  was 
:  jjEiriSupenosliO  th^  fprnciei;  ^d  was  more  extensively  adopted. 
'  In  Itbe  .ro^^tijpf,!,  ^i>,Maiirioe  de  Jongh,  of  Wamhgton, 
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obtaiaed  a  patent  'for  Ws  setf-acStlnW  mtil^,- dated  tSST.  -5HiHi 

mul^,  was  worked  with  moderate  fifttdtfesir  fin:  WtM  yea^i   ^  We 

next  cornp  to  the  {)atent  of  'Mt.'Petrt  EWitV,  *t«edittl888, 

in  Vfaic^  he  very  accurately  dfefifcribed^rfli' the' in 

required  to  re^der  **tHe  mtil^{tide^hdfentb#ttieiM^tioak«nd 

^skiU  of  tl^e|  spinner,"' VIZ.— tl)'Thef'backi      6tf^  <®>'gtiidn^ 

the  faller  wires^'(3)' putting  fend  "(^yrtdie 

winding-oh  ;  whicli  last '*^t  consider  the tebsfrinipk)tt»n4nni<i>T^ 

mcnt  of  the  niachme.^  '  Mh  Ewart'^'hioll^  \^^fe^•fe  estubli&ed 

^jiirhis  mill,  in  tast-street,  L6\Ver  Mbsky-'^ti^et,  arid  cotrfnnrad 

in  regular  operation  until  afteV'he^  left!* ^Mandiester.'  *The 

jjext  self-actor  Was  patented  by  ]M[r.JamWSB¥iithr,'€#De8mBtap, 

^  in  1834     There  was  much  iiOveWy 'ahd*s6ttii^'  gbod  pitjpperiies 

in  Mr.  Smithes  miile,  so  that'lt'aid'Mfl'RbbbttVldettma  hi«le 

were  the  chief  compeling  m^Cnin^^'Bt'faiAhy  yefats^'    Besifles 

t]h^  foregoing  a  patent  was  olitkinc^  fey'M%bBrfe:-J.4«id' J. 

jPotter/or  a  self-act^  dated  iti'lSiSi*.'  'Th^^specfffica- 

^n  of  this  patent  '^  hoing  out  of  pflut "^^t tWe  f^at^tOffice, 

^  ^^^a^count  canbe  |iere  give  of'lt.  '^      -^     r    f  :      r ,  ,j  .,,[ 

^  ,  JU  >va8  not  \intil  after  tlie  expitatibti  df' th^  i^^ond*  ^tcnt 

fjOf  Mt.R^^  of  Mr.il^Aiiih,  Hiat  ft'V^ttUy 'gbbd 

>r.orking    mule  was   construe ted^ '  as   fell  th<^  foi»filiejJ  pli&is 

^  becoming  pubKc,  aiiy  of  thein  nii^ht!  be  tioiibm^d  to  prodoKe 

.  ^  better  machine  tTian' those  b^fbrri  patented,'  kftd  'Which 

, ,,  i^ppears  to  have  been  realised  m  the  jiatfent  obtatoed,  'iti  1^7, 

. ,  by  Mr.  Ma^hew  burtis  and  Mr.  ^Rbbett  Lakitii  •  Thus  Uiiirty 

years  had  elapsed!  from  (he  <imb  Wheri  Mr.  Ea*on"  gite  itlie 

true  principles  for  constructing  k'  scilf-iicting'  nnde  to*'  thuf^  of 

(    their  .beiug  carried  into  practical  effect  as 'iibdte^ stated;  - 

^he  advances  made  ih  the  wearth^tteaitihg^^wers  iif  the 

people  are  ^more  conducive  td  Ae 'piiiblid  Welfai^e  than  even 

^    the  accui)(iula^ion  of  wealth'  produd^d'  by  their    exercise. 

v  ."^^^e  powers  of  adding  to  the  fixed  Capital' of -thefdalion 

pome  mwnly  from  the  use  of  lab6u^-*aving  Yiiabhtewini  cur 

manu&ctories,  and  eispecially  in  those  of  the'ebtton  atid  other 
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textile  fabrics.  Hence  it  seemed  desirable  to  record  some  of 
the  changes  and  improYcments  made  in  the  principal 
machines  employed  in  our  cotton  mills.  Of  these  the  mule 
jenny  is  perhaps  the  most  important,  and  the  successive 
changes  it  has  undergone  give  a  fair  type  of  the  gradual 
progress  of  mechanical  inventions  generally. 

Great  inventions  may  come  perfect  from  the  head,  but 
seldom,  or  never  so,  from  the  hcpid  of  their  authors.  Thus 
the  Crompton  mule  (as  before  stated)  underwent  many  useful 
changes  by  the  skill  of  others,  which  prepared  it  for  the 
inventions  to  render  it  self-acting.  In  the  foregoing  account 
of  the  labours  bestowed  on  the  mule  1  have  given  the  names 
and  claiiUS  of  the  inventors  as  they  appear  in  their  several 
patents,  and  I  may  assume  that  the  public  will  desii^  to  have 
the  simple  facts  relating  to  the  parties  concerned,  thus 
plainly  set  forth.   , 
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Ordinary  Meeting,  April  5tH,  1884. 
,jE,  W.  lifNNEY^  PfJltS.,  F.G.S.,  President,  in  the  Chair.    . 


:  Mr«  JoiHif  I^ASTHAM  w^ elected  a»  .Qrdinauy  jVI|ewi]i>er  ^f 


Messrs.  H.  M.  Okmehod  and  G.  C.  Lowe  wore  app(nhted 
Auditors  of  the  Society's  Accounts  for  the  present  Session. 

Mr.  BoTTOMLEY  gave  the  results  of  some  experiments  upon 
the  estimation  of  sulphur  made  according  to  a  method  devised 
some  time  ago  by  M.  Pelouze.  This  method  had  been 
brought  under  the  notice  of  the  Society  by  Dr.  Calvert,  as 
being  a  quick  and  approximate  one ;  the  present  experimenter 
had,  however,  obtained  these  approximations  within  such 
wide  limits  that  he  had  not  found  the  process  available  for 
the  purpose  intended.  In  these  experiments,  20  grains  of 
the  ore,  very  finely  powdered,  were  mixed  with  100  grains 
of  carbonate  of  soda,  100  grains  of  chlorate  of  potash,  and 
140  grains  of  common  salt.  The  carbonate  of  soda  and 
common  salt  were  always  heated  previous  to  an  experiment, 
to  ensure  their  being  quite  dry.  These  materials  were  well 
mixed  for  about  ten  minutes  in  a  porcelain  mortar. 

Pbocbbddicw— Lit,  and  Phil.  Sooibtt— No.  16.<i^BB8iox¥  1868-4, 
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In  all  cases  the  mUtore    quietly  deflagrated^    without 
throwing  any  particles  out  of  the  platinum  cruoiblo.    ■ 
The  following  were  the  zesulta  obtained : — 

True  Peroeutace.  AUalimeiij. 

1  86-98 88-20 


3  

40-75  

36-95 

s 

8844  

88-80 

4  ......... 

.........  39-64  ^.: 

.........  4HI 

6 

36-87  

.........  41-70 

In  the  two  first  experiments  the  materials  were  kept  fiised 
at  a  low  red  heat  for  some  time  after  deflagration  had  ceased. 
In  the  three  last  experiments  the  lamp  was  removed  socm 
after  de^agratioa  had,  taken  pl^ce. 

In  the  filtrate  from  the  first  experiment  arseniate  of  soda 
was  found. 

In  the  fourth  and  fifth  experiments  arsianic  waa  al^o  founds 
but  not  in  (quantities  ^deq^ate  to  account  for  tha  di^Semence 
between  the  two  percentages. 

These  wide  differences  between  the  results  in  tho,two 
columns  no  doubt  depend  upon  the  fact  that  the  chlorate  of 
potash  does  not  act  merely  as  an  oxidizing  agent^  but  gives 
up  some  chlorine.  In  all  cases  some  oxygen  compound  of 
chlorine  has  been  evolved  Avith  the  carbonic  a^id* 

It  is  worthy  of  remark  that  many  years  ago  it  was  stated 
by  Vanquelin  that  the  residue  obtained  after  decpp^ppsing 
chlorate  of  potash  was  sensibly  alkaline.  C^  Ann.  de  Chimie 
et  de  Physique,"  xcv.,  101.)  A.  few  grammes  of  chlorate  of 
potash  were  heated  in  a  platinum  dish  for  a  few  minutes. 
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until  the  fluid  mass  began  t6  solidify,  lliis  r^dae,  dis- 
solved in  water  g(tv«  a  solution  tbat  seemed  fkintfy  alkaline, 
so  faint^  however,  as  to  be  scarcely  perceptiUe.  Prolon^d 
heat  and  perfeet  decomposition  of  perchlorate  of  potash  might 
perhaps  have  made  it  more  marked. 

The  above  experiments  w^  made  in  Mr.  Spencc's 
laboratory,.  The  same  method  had  been  tried  in  Mr. 
Rumney's  laboratory,  by  Mr.Bocharoff;  his  results,  however, 
did  not  agree  with  the  true  percentage.     He  also  ascribed 

the  disagreement  to  the  same  cause  as  that  suggested  in  this 
notice.  i 

Mr.  BAXB!n>BLL  gave  the  details  of  some  observations  h^ 
had  lately  made  at  Southport  to  determine  the  velocities  of 
rifle  balls.  Three  kinds  of  rifle  were  used  by  the  firing  party, 
the  Whitworth,  the  Henry,  and  the  Enfield ;  and  the  distance 
of  the  target  bemg  600  yards,  it  was  found  that  the  average 
times  required  by  the  balls  to  traverse  this  distance  were — 

Seoondi. 

With  the  Whitworth  nfle 1-69 

„       Henry 1*75 

„       Enfield   1*87 

The  velocities  were  therefore— 

FMt  per  SMond. 

With  the  Whitworth  rifle 1,132 

„       Henry 1,028 

,,       Enfield * 962 
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The  differences  between  individual  restdts  were  greatest 
with  the  Enfield  rifle,  and  least  with  the  Whitworth;  and  the 
number  of  points  made  was  greatly  in  favour  of  the  Whitworth 
instrument,  the  accuracy  of  fire  apparently  increasing  in  a 
greater  ratio  tiban  the  increase  in  the  velocity  of  the  balls* 

It  was  understood  that  the  charges  of  powder  used  were 
those  which  experience  had  shown  to  be  the  best  adapted  for 
each  form  of  rifle. 


f 
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Annual  Meetings  April  19th^  1864. 

B.  W,  BiKNET,  F  JI.S.,  F.G.S.,  President,  in  the  Cliair, 

Gapt.  JoHK  MrroHB£L,  Supeiintmdent  (tf  the  Miidm« 
Musetim,  was  elected  a  Gorzespoiidiiig  Member  of  the  Sediety. 

The  following  Report  of  the  Council  was  read  by  one  of 
the  Secretaries : — 

BEPORT  OF  THE  COUNCIL 


In  presenting  their  Annual  Report  the  Council  are  glad 
to  be  able  to  congratulate  the  Members  upon  the  generally 
satis&ctory  condition  of  the  Society.  During  the  past  year 
fourteen  new  ordinary  Members  have  been  elected,  whilst  on 
the  other  hand  the  losses  have  been  by  deaths  four,  defoulters 
two,  and  resignations  four^  the  present  number  of  ordinary 
members  being  one  hundred  and  ninety  against  one  hundred 
and  eighty-six  of  last  year.  The  Coimcil  are  also  glad  to 
call  attention  to  the  satisfactory  condition  of  the  Society's 
finances  as  seen  in  the  Treasurer's  Report  annexed,  the 
balance  in  the  hands  of  the  Treasurer  now  being  j8S71.  8s.  Id, 
against  £320«  18s.  7d.  of  last  year.  The  two  parts  of  the 
second  Tolume  of  the  third  series  of  the  Memoirs  are  now 
ready,  the  third  part  completing  the  volume,  and  containing 
papers  read  during  the  present  Session,  is  already  in  hand, 
and  will  be  finished  before  the  commencement  of  the  ensuing 
Session.  The  increasing  value  of  the  library  of  scientific 
reference  is  a  subject  to  which  the  Council  may  justly  refer 
with  pride,  the  number  of  academies  and  scientific  bodies 
with  which  the  Society  is  in  communication  has  steadily 
augmented,  and  now  exceeds  that  of  almost  any  othw  similar 
FMoiiDiires— Ln.  ft  Fsn..  Soonrr-Ko.  17.— jSmuok,  1SSM4. 
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iostitution*  The  ordinary  Members  deceased  during  the 
laat  financial  year  are  Mr.  George  Mosley,  Mr.  John  Gould, 
Mr.  John  Jessie,  and  Dr.  Edward  Stephens. 

Mr.  Mosley  was  associated  with  the  Society  for  some  years, 
having  been  admitted  an  ordinary  member  in  January,  1859, 
and  elected  a  Member  of  the  Council  in  April,  1861.  He 
took  a  prominent  part  in  the  formation  and  working  of  the 
xnicroBcopical  section  of  which  he  was  the  honorary  secretary. 
He  oi^^anised  a  scheme  for  procuring  soundings  from  different 
parts  of  the  world,  for  the  purpose  of  investigating  the  various 
formations  of  the  sea  and  ocean  beds;  his  labours  in  this 
direction  met  with  great  success,  and  the  Society  now  possesses 
a  large  number  of  specimens  which  are  in  process  of  arrange- 
ment and  classification.  As  an  accurate  observer  and  inde- 
fatigable student  of  the  microscope,  his  place  will  not  be 
easily  filled. 

The  list  of  honorary  members  has  suffered  a  great  loss  in  the 
death  of  Mr.  Bichard  Roberts,  C.E.  This  gentleman,  now 
generally  acknowledged  to  have  been  one  of  the  first  mechani- 
cians of  our  time,  was  admitted  as  an  ordinary  Member  of 
the  Society  in  the  year  1823,  April  16,  and  on  his  removal 
from  Manchester  he  was  elected  in  April,  1861,  an  Honorary 
Member.  The  mechanical  inventions  of  Mr.  Roberts  were 
of  the  most  varied  and  important  description;  the  best  known 
of  his  inventions  was  the  improvement  of  Crompton's  mule, 
so  as  to  render  it  self-acting,  and  his  improvements  in 
engineering  tools.  His  first  patent  for  the  former  purpose 
was  taken  out  in  March,  1826,  and  a  second  patent  for  an 
improved  process  was  granted  to  him  in  July,  1880.  Mr. 
Roberts  obtained  nearly  thirty  patents  in  England  for  the 
following  useful  subjects : — hand  and  power  looms,  machines 
for  preparing  and  spinning  fibrous  substances,  steam  engines, 
locomotive  carriages,  apparatus  for  punching,  shearing,  and 
perforating  metals,  beetling  and  mangling  machines,  clocks, 
watches,  and  other  timekeepers,  machine  for  hoisting  weights, 
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telegraphic  communication,  weaving  and  cutting  plushes, 
velvets,  carpets,  &c.,  fluid  meters,  pumping  apparatus,  screw 
propellers,  churns  for  agitating  and  evaporating  fluids,  tur- 
bines, hydraulic  presses,  steam  ships  and  other  vessels, 
anchors,  steam  hoilers,  life  hoats,  war  ships  and  their  arma- 
ments, casks,  machinery  for  cutting  paper,  leather,  cloth,  &c., 
machinery  for  punching,  drilling,  and  riveting,  omnibus  and 
other  carriages,  folding  fabrics,  mechanism  for  engraving  aAd 
otherwise  copying  paintings  and  other  designs  on  flat  and 
carved  surfaces,  &c.,  &c. 

The  following  list  of  communications  made  during  the 
past  year  proves  that  the  scientific  activity  of  the  Society  has 
in  no  wise  diminished : — 

A^  30^t,  1863.— "On  the  Wave  of  High  Water,  with  Hints 
towards  a  New  Theory  of  the  Tides,"  by  Mr.  Thomas  Carrick. 

April  ZQthy  1863.— "On  the  Number  of  Days  on  which  Rain 
falls  annually  in  London,  from  Observations  made  during  the  ti^ 
years,  1807-1862,^'  by  G.  V.  Vernon,  F.R.A.S.,  M.B.M.S. 

Apri^  30t&,  1863,—"  On  the  Bain  Fall  at  Oldham  during  the 
yearo  1836-62,"  by  John  Heap,  Esq.  with  remarks  by  G.  V.  Vernon, 
F.R.A,S.,  M.B.  M.S. 

May  l?rt,  1863.— "Note  on  the  History  of  Ste«^  Navigation," 
by  W.  J.  Macquom  Rankine,  F.B.S.,  <fea 

July  H  1863.—"  The  Complete  Theory  of  Groups,  being  the 
Solution  S>i  the  Mathematical  Priae  Question  of  the  French 
Academy  for  1860,"  by  Rev.  Thos.  P.  Kirkman^  M.A.,  F.RS.,  Ac. 

.  OcMkt  Wiy  1863. — "On  Ten  Ancient  Spanish  Coins  taken  in 
jchange  at  Malaga,"  by  John  Harland,  Esq,,  F.S.A.,  communicated 
by  Mr.  R.  D.  Darbishire. 

Ofit^  6(ht  1863.— "On  the  Sound  produced  in  the  Electric 
Dischw^e,"  by  Professor  Wm.  Thomson,  F.RS.,  communicated 
,by  Pwfesj^r  Tait 

.Octobtr  20thy  1863.— "  Further  Observations  on  tjie  Carboni- 
ferniw,  Permian,  and  Triassic  Strata  of  Cmnberland  and  Dumfries,** 
by  E.  W.  Binney,  F.R.S.,  F.G.S. 
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JSTovember  3ref,  1863.— "On  the  Theory  of  Eq^UAtioiu^"  by  Hfa 
HomrariaaM  Co6kl«,  KA.,  F.RA«S.,  (&c.,  commui^cated  by  Bey. 
Bobeit  Harley,  F.B.&,  4co. 

iHTofioDi&fr  3ii^,  1B6S. — "On  Recent  Beaearchea  on  the  Theory 
cf  EqnvtuAis,''  by  the  itey.  Robert  Harley,  F.RS. 

Nwmber  Zrd  1863.— "On  Marine  Shells  in  Stratified  Drifti  at 
High  Jjatelii,  on  Moel  Tryfeen^  Oaemaryonshire>^  by  R  D.  ParU- 
thlre^  £^0^6.)  ^ 

Nwmber  Ird,  1863.—"  On  the  Existence  of  the  Hoa  of  KatH« . 
raliste  in  New  Zealand,"  Ir^  Charles  Clay,  M.D. 

N6veihefmr  3rV?,  1863. — *^  iRemarks  on  the  Habits  and  Character 
of  the  (liax»isof  New  Zealand,''  by  Charles  Clay,  M.D.,  . 

Novenvber  l^ihy  1863.—"  On  the  Construction  of  Bi-fooal  Lenses 
for  Spcfafaoles,"  by  J.  Atkhison,  F.G.S. 

Nonfmber  12th,  1863.—"  On  a  new  Variable  Star  (T,  A^m)" 
by  J.  BnbnMl,  P.RA:s. 

y<fvMffer'l7ih,  1863;—**  On  u  new  method  of  prodw^iw  '^V' 
bonio  Oxide,"  by  Dr.  F.  Grace  Calvert,  F.R.S.  .    , 

Noven^  I7<ft,  1663. — "  On  an  Apparatus  for  Measuring,  Tensile  . 
Strengths,  especially  of  Fibres,"  by  Charles  O'Neill,  F»C.S: 

Nonmher  Vlth,  1863. — "Experiments  juo^  Obsq^ations.  up<m , 
Cotton,"  by  OiWl^  O'Neill,  F.C.S. 

December  1st,  1863.— "Note  on  Ihe  Meteor  of  Februaiy  6Ui, 
1818,"  by  J.  R  Joule,  LLD.,  Ac.  '  . 

Beceti^  i^tli,  1863.— ''^Notes  on  gome  feeent  Dieiooyeries  in'' 
Elemental  Physics,"  by  J.  C.  Dyer,  V.R 

December  29th^  1863.— "Additional  Obseryations  on  the  Drift 
Deposits  and  more  rec^njl^  Gtratdbi  exbvtai  iiktixlbeitieiff'  by  Ed. 
Hull,  RA.,  F.G.S. 

January  12thf  1864. — "Enquiry  mto  the..  Qncftlioiiy  wheiller 
Excess  or  Deficiency  of  Tempeiatiure  during  part  (rf  the  year  is  . 
usually  compensated  during  the  remainder  of  the  /B^one  yeari" '  b^F 
O.  V.  Tehion,  F.RA.&,  M.B.M.S.  .   ,^,    , 

January  l2<ft,  1864.— "Examination  as  to  ^e.  T>ut(i  of  the 
Assertion  that  wlien  Noy ember  has  a  mean  t^npera^nre  al;>oire,th0  .  i 


277 

ayer&g^  it  is  usually  followed  by  exooBBiye  cold  betw^OI^  the  Decem- 
ber and  March  following,''  by  G.  V.  Vernon,  F.B.A.S.,  M.EM.& 

January  12A,  1864. — ''Note  on  the  Amoimt  of  Oaxfoonie 
Ao£i  contained  in  the  Air  of  Manchester/'  by  Heni^  K  Bosooey 
RA.,  Ph.D.,  RRa 

FAfnmry,  ^th  1864.—''  On  the  Photocheiuical  Effect  cftbe  Ughi 
emitted  by  burning  Magnesium  Wure/'  by  Heniy  £.  Bdidoei 
RA.,  F.Ra 

Fd^ruoenf  9^^  1864.— ''On  the  TensiJa  StrengOi  of  Cotton  as^ 
aflfected  by  various  Chemical  Treatments,"  by  Chas.  O'Neill,  RC.S. 

F€(frmry2^rd,  1864.— "Note  on  the  Preparation  of  Caloimti," 
by  Mr.  Edward  Sondstadt,  communicated  by  Professor  Bofscoei 

Fimmry  2ird,  1864.— "On  the  Nature  of  Erietion  in  Me- 
chanics," by  J,  C.  Dyer,  V.P. 

March  8<A,  1864.— "On  the  Existence  of  the  Willow  Leaf- 
ahaped  Bodies  on  the  Sun's  Surface,"  by  E.  J.  Stone,  M<A.,  oom- 
munieated  by  Mr.  James  Nasmyth. 

March  8^,  1864. — "On  Periodic  Changes  in  the  Magnetio  Con- 
dition of  ilie  Earth,  and  in  the  Distribution  of  Temperature  on  its 
Surfece,"  by  Jos.  Baxendell,  F.RA.S. 

Maf^  23«^,  1864.— "On  the  Microscopic  Structure  pf  the 
Cotton  Fibre,"  by  Captain  John  Mitchell,  of  Madras,  commiu^cated 
by  Mr^  Efamft 

March  22ndy  1864. — "Notes  on  Spinning  Machines:  Part  I., 
The  Mule  Jennys"  by  J.  G.  Dyer,  V.P. 

UBEARIAN'S   REPORT, 


Since  the  ciosd  of  tast  Session  39^  vols.^  216  parts  of  vols 
of  non  periodical  works,  ^14  pamphlets,  and  87  quarterly, 
161  monthly  and  80S  weekly  numbers  of  periodicals^  have 
been  added  to  the  Library,  of  which  169  vols.^  13  quarterly 
and  35  Mobthly  n'umbers  by  purchase ;  the  remainder  by 
exchange' or  donation. 
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The  periodical  puUications  wUch  the  Librarian  is  author- 
ised to  procure  for  the  Library  by  purchase/  are  :— 

.    The    London^     Edinburgh^    and    Dublin    Philosophical 
Magazine. 

The  Quarterly  Journal  of  Pure  and  Applied  Mathematics. 

The  Oavendish  Society's  Publications. 

The  Bay  Society's  Publicatlous. 

The^Pal8e<mtographical  Society's  PubEcations. 

The  Ifatural  History  Review. 

The  Annals  and  Magaaane  of  Natural  History. 

The^  Quarterly  Journal  of  Scienoe. 
,    The  Registrar  Greneral's  Annual  Reports. 

Les  Annales  de  Ghimie  et  de  Phy8iq[ue. 

Le  Journal  de  I'EcoIe  Poiytechnique. 

Les  Annales  des  Sciences  Naturelles. 

Lp  Journal  de  Pharmacie  et  de  Chimie. 

Lfs  Archives  des  Sciences  Physiques  et  Naturelles, 

Die  Astronomische  Nachrichten, 

Die  Annalen  der  Physik  und  Chemie^ 

Die  Annalen  der  Chemie  und  Pharmacie. 

Der  Journal  fur  die  reine  und  angewandte  Mathematik. 

Neues  Jahrbuch  fur  Mineralogie,  Geologic,  und  Palaeon- 
tologie. 

Die  Zeitschrift  fur  wissenschafsliche  Zoologie. 

The  Philosophical  Transactions  for  1845  and  1846, 
mentioned  in  the  last  Annual  Report  as  having  been  taken 
out  from  the  Library  without  being  entered  in  the  Register, 
have  not  been  returned,  i^twithstanding  repeated  announce- 
ments in  the  Circulars  convening  the  Meetings.  It  is  to  be 
feared  that  these  volumes  must  be  considered  as  Io»t. 
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On  the  motioii  of  Mr.  Ormbrod^  seconded  by  Mr.  Fabbt, 
the  Annual  Beport  was  unanimously  adopted. 

The  following  Gentlemen  were  elected  Officers  of  the 
Society  for  the  ensuing  year : — 

BOBBET  ANaUS  SMITH,  PkJO.,  ?.BJ3„  ko. 

JAMES  PBESCOn  JOULB,  LL.D.,  RBil.»  fto. 
BDWABD  WILLIAM  BIKNEY,  F.BJ9.,  F.aJSI. 
JOSEPH  CHESBOBOUaH  DYEB. 
BDWABD  BCSU^CK,  FhJ).,  F.Bil.,  F.OJSI. 

HBNBY  BNFIBLD  BOSOOE,  BJt,  FhJ).,  FJLS.,  F.O.S. 
JOSEPH  BAXBKDELL,  F.B4.S, 

BOBEBT  WOBTHINaXON,  F.B.A.S. 

CHABLBS  FBEDEBK  BKMAN. 

9t\itx  Pembm  ot  t\it  €smtil 

BEY.  WILLIAM  aASKELL,  MJL 

FBEDEBICE  CBACB  OALYBBT,  PH.D.,  F.B.S.,  F.Oil. 

PETBB  SPENOE,  F.SJL,  F.C.S. 

aEOBGE  YENABLES  YEBKON,  FJUJ3^  M.B.M.S. 

BOBEBT  BELLAMY  QLIFTOK,  M^A^  F.BXS, 

JOSEPH  SIDEBOTHAM.  * 
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PROCEEDINGS 

THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY. 


Ordinary  Meeting,  October  4th,  1864. 

Edwabi>  Schunck,  Ph.D.,  P.R.S.,  Sec.,  Vice-President,  in 

the  Chair. 

Amongst  the  donations  announced  was  a  bust  of  Dr. 
Dalton,  presented  by  Mrs.  Samuel  Fletcher. 

On  the  motion  of  Dr.  Roscob,  seconded  by  Dr.  Joule, 
the  best  thanks  of  the  Society  were  unanimously  voted  to 
Mrs.  Fletcher,  for  her  very  valuable  present. 

The  Chairman,  in  announcing  the  severe  loss  which  the 
Society  had  sustained  by  the  death  of  their  late  lamented 
Honorary  Librarian,  adverted  to  the  very  important  services 
he  had  rendered.  By  Mr.  Ekman's  able  management  and 
indefatigable  industry  the  library  had  become  one  of  the  most 
valuable  in  the  country.  • 

Thomas  Windsor,  Esq,,  M.E.C.S.,  was  unanimously 
elected  Honorary  Librarian  of  the  Society. 

Several  members  stated  their  experience  of  the  earthquake 
which  occurred  on  the  S6th  ult.  Mr.  Baxendell  described  a 
remarkable  derangement  of  the  sidereal  clock  belonging  to 
the  corporation,  which  he  had  mounted  at  his  house,  which 
has  suggested  a  new  method  of  registering  the  occurrence  of 
earthquake  shocks. 

7io0ai»Dias— loT.  A  FmL.  Soonvr— Yoin  jy.-No.  i-Sxmov,  1864-5, 


A  Paper  was  read  entitled  '*  Remarks  on  Mr.  Dyer's  Paper 
entitled  'Notes  on  Spinning  Machines/  by  Mr.  Henry 
Brierly" ;  communicated  by  E.  W.  Binkkt,  F.R.S. 

Mr.  Dyer,  in  the  abstract  of  his  paper  {Proceedinggj  vol. "iii. 
p.  265),  commences  by  saying  that  *'  two  distinct  principles 
were  embraced  in  the  inventions  of  James  Hargreaves  and 
Richard  Arkwright,  which  were  afterwards  combined  by 
Samuel  Crompton,  to  form  the  beautiful  power-driven  machine 
called  the  mule.  Arkwright  employed  the  throstle,  or  throated 
spindle,  with  arms  or  '  flyers*  to  conduct  the  threads  on  bob- 
bins arranged  in  stationary  frames;  Hargreaves  employed 
naked  spindles  arranged  on  a  traversing  frame  or  carriage, 
by  which  the  threads  were  drawn  out  (about  five  feet)  in 
horizontal  lines,  whilst  being  twisted,  and  were  then  taken 
up,  or  wound,  on  the  spindles,  to  form  '  cops,*  whilst  the 
carriage  returned  to  the  roller  beam  for  another  '  stretch.*  ** 

As  I  understand  Mr.  Dyer,  he  attributes  to  Arkwright 
the  invention  of  the  spindle  and  flyer ^  and  seems  to  consider 
that  as  the  leading  ^^ principle^^  of  Arkwright*s  invention,  as 
distinguished  from  Hargreaves's  invention,  the  main  "jt?nn- 
ct]p&**  of  which  he  mentions  as  consisting  in  the  employment 
oi  naked  spindles.  moMnX^di  on  a  traversing  frame  or  carriage. 
Mr.  Dyer  is  in  error  on  both  these  points;  and  it  is  only 
fair  to  a  very  ingenious  inventor  who  preceded  both  Har- 
greaves and  Arkwright  that  these  matters  should  be  properly 
understood. 

As  to  Hargreaves*s  **  Jenny,'*  there  is  no  doubt  of  the 
originality  of  the  invention,  and  that  Hargreaves  is  entitled 
to  the  sole  merit  of  whatever  was  valuable  in  that  invention ; 
but  I  shall  show  that  as  regards  the  inventions  commonly 
attributed  to  Arkwright  the  case  is  far  different.  Before 
doing  so,  however,  I  must  point  out  the  mistake  committed 
by  Mr.  Dyer  as  regards  the  nature  of  Hargreaves's  iiiven-> 


tion.  Hargreaves  did  not  employ  spindles  mounted  upon 
a  moving  carriage^  nor  was  there  any  ^^  roller  heam^^  in 
his  machine  at  all.  Mr.  Dyer  seems  to  be  here  confounding 
the  invention  of  Hargreaves  with  the  subsequent  invention  of 
Crompton.  An  inspection  of  the  specification  of  the  patent 
taken  out  by  Hargreaves  in  1770  (No.  962)  will  show  that  in 
his  ^^ Jenny**  the  spindles  revolve  in  stationary  hearings, 
while  instead  of  rollers  for  drawing  out  the  material  to  the 
requisite  fineness  a  '^dasp**  was  used,  which  was  arranged 
to  move  backwards  and  forwards  in  suitable  framing.  Thu^, 
before  beginning  to  spin  a  "  stretch,*'  the  spinner  had  the 
''clasp**  near  to  the  spindles,  with  a  certain  length  of  roving 
between  the  clasp  and  each  spindle.  He  then  with  one  hand 
drew  the  clasp  gently  away  from  the  spindles,  thus  elongating 
the  portions  of  roving  between  them,  while  with  the  other 
hand  he  turned  round  certain  apparatus  by  means  of  which 
the  spindles  were  caused  to  revolve  and  twist  the  threads,  and 
having  thus  drawn  away  the  clasp  for  about  five  feet  from 
the  spindles  he  then  returned  it  back  towards  them,  at  the . 
same  time  guiding  the  threads  by  means  of  a  '*  presser,**  or 
faller,  and  turning  the  spindles  round  so  as  to  wind  the  spun 
threaids  upon  bobbins  placed  upon  them,  and  not  upon  the 
spindles  themselves.  This  is  a  very  different  operation  from 
that  of  the  mule,  in  which  rollers  moving  at  different  veloci- 
ties draw  the  material  to  the  required  fineness,  while  the 
spindles  recede  from  them  in  a  moving  carriage,  at  the  same 
time  revolving  so  as  to  twist  the  threads,  which  are  afterwards 
wound  upon  the  spindles  themselves  so  as  to  form  ''cops.** 
It  is  necessary  to  bear  these  distinctions  in  mind  in  following 
the  progress  of  development  which  resulted  in  the  production 
of  the  highly  effective  spinning  machinery  in  use  at  the  pre- 
sent day. 

In  coming  to  the  consideration  of  the  inventions  usually 
attributed  to  Arkwright,  it  is  only  proper  that  due  notice 


should  be  bestowed  upon  those  of  a  very  ingenious  man  who 
preceded  him;  viz.,  Lewis  Paul.  The  invention  of  '*  spmniDg 
by  rollers,**  as  it  is  familiarly  termed,  and  for  which  Ark- 
wright  usually  obtains  the  credit,  most  undoubtedly  origiBt- 
ated  with  Paul.  It  is  only  necessary  to  read  the  specification 
of  the  patent  granted  to  Paul  on  the  24th  June,  1738,  to  be 
satisfied  on  this  point.  It  is  true  that  there  has  been  some 
dispute  as  to  whether  Paul  himself  really  originated  the 
invention  described  in  that  specification,  a  person  of  the  name 
of  Wyatt  being  mentioned  by  some  as  having  communicated 
the  invention  to  Paul,  and  another  person  of  the  name  of 
Highs  having  laid  some  sort  of  claim  to  the  invention.  The 
claims  of  these  parties,  however,  only  rest  upon  some  very 
vague  assertions  made  by  themselves  or  persons  connected 
with  them,  such,  for  instance,  as  that  contained  in  a  letter 
written  by  Wyatt  to  Sir  Leicester  Holt,  and  quoted  at  page 
124  of  Baines's  History  of  the  Cotton  Manufacture^  in  which 
Wyatt  says,  referring  to  the  machine  known  as  Paul's — ^^  I  am 
the  person  that  was  the  principal  agent  in  compileing  the 
spinning  engine,"  &c.  Such  assertions  as  these,  however, 
cannot  be  takenas  satisfactory  proofs  of  the  claims  of  these 
parties,  and  when  in  opposition  to  them  we  have  the  specifica- 
tion of  a  patent  granted  to  Paul  for  this  application,  in  which 
specification  the  name  of  Wyatt  actually  appears  as  that  of  a 
witness  to  the  signature,  &c.,  of  the  document  by  Paul,  it  is 
difficult  for  an  unprejudiced  person  to  come  to  any  other  con- 
clusion than  that  Paul  was  reSlly  the  inventor  of  the  contri- 
vance for  which  the  patent  was  granted.  However  that  may 
be,  it  is  quite  clear  that  this  invention  does  not  belong  to 
Arkwright,  whose  first  patent  relating  to  spinning  machinery 
was  taken  out  in  1769,  or  above  thirty  years  after  the  patent 
granted  to  Paul.  And  th^it  Arkwright  was  aware  of  the 
existence  of  Paul's  patent  is  beyond  all  doubt,  and  is  proved 
by  documents  which  are  quoted  in  the  work  to  which  I  have 


already  referred^  viz.,  Baines's  History  of  the  Cotton  Manu- 
facture^ as  well  as  by  other  documents  to  which  I  need  not 
now  particularly  allude. 

In  speaking  of  the  *'  peculiar  soft  property  "  possessed  by 
the  yam  spun  upon  the  mule,  as  distinguishing  it  from  the 
yarn  spun  by  the  machine  called  the  "  throstle,"  Mr.  Dyer  is 
quite  correct.     I  believe  it  is  not  so  generally  known  as  it 
should  be  that  the  "  throstle,"  as  the  term  is  now  generally 
understood,  consists  mainly  of  a  combination  of  the  leading 
features  of  Paul's  invention  of  1738,  which  I  have  already 
mentioned,  with  those  of  a  lat?r  invention,  for  which  he 
obtained    a    patent    in    1758.      Mr.    Dyer    mentions   the 
spindle  and  flyer  as  Arktorighfs  invention,  but  they  had 
been  in   use    upwards  of   one    hundred  and  sixty   years 
before  the  date  of  Arkwright*s  inventions.    This  is  proved 
by  several  of  the  works  now  in  the  library  of  the  Patent 
Office,  especially  an  Italian  work,  entitled  '^Novo  Teatro 
di   Machine  et  Edificii,"  &c.,   and  a  pamphlet  published 
in  1681,  entitled   '^Some  Proposals  for  the   Employment 
of  the  Poor."      In  PauVs  specification  of  1738  we  have 
the  application  of  rollers  moving  at  different  velocities  for 
drawing  the  material,  and  in  that  of  1758  the  combination  of 
rollers  (of  which  only  one  pair  are  shown  in  the  specification 
of  the  latter  patent)  with  the  spindle  and  flyer ,  by  means  of 
which  the  thread  was  twisted  and  wound  upon  a  bobbin.  So 
far  as  I  have  been  able  to  ascertain,  this  is  the  first  instance 
in  which  we  have  the  material  passing  through  rollers  in  its 
way  to  a  spindle  and  flyer  by  which  it  is  twisted  and  wound 
upon  a  bobbin,  and  we  have  here,  clearly,  the  origin  of  the 
"throstle."      Paul's  specification  of  1758  describes  these 
operations  very  minutely,  but  spinners  acquainted  with  this 
class  of  machinery  will  at  once  perceive  that  the  machine 
described  in  Paul's  specification,  though  displaying  great 
ingenuity,  was  defective  in  one  important  particular,  which 
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was,  that  there  was  no  arrangement  by  which  the  *'  traverse*' 
of  the  bobbin,  as  it  is  now  termed,  could  be  performed.  The 
manner  in  which  the  yam  was  distributed  over  the  bobbin 
was  peculiar.  The  flyer  was  tubular^  and  only  reached 
downwards  to  just  within  the  head  of  the  bobbin,  and  the 
latter  was  of  conical  form,  the  lower  end  being  the  smallest. 
The  yam  was  thus,  wound  constantly  at  the  top  of  the  bobbin 
by  the  flyer,  but  as  it  accumulated  there,  the  conical  form  of 
the  bobbin  caused  the  coils  of  yarn  to  slip  dotontoards,  and 
thus  a  kind  of  distribution  of  yam  over  the  bobbin  was 
effected.  This  part  of  the  arrangement  was  evidently  very 
defective,  and  it  is  highly  probable  that  the  want  of  some  more 
efficient  method  of  distributlhg  the  yam  over  the  bobbin  was 
one  if  not  the  sole  cause  of  the  want  of  success  which 
undoubtedly  attended  the  efforts  of  Paul  to  bring  his  machine 
into  general  u^.  The  addition  to  the  machine  of  the 
'^  traverse  motion,*'  as  it  is  called,  or  the  arrangement  by 
which  the  bobbin  is  made  to  ascend  and  descend  on  the 
spindle,  was  unquestionably  a  vast  improvement,  and  ot  this 
Arkwright  may  fairly  have  the  credit.  But  even  here  Ark- 
wright  had  been  partly  anticipated,*  for  in  the  specification  of 
a  patent  granted  to  Comah  Wood,  in  177S,  No.  1018,  there  is 
the  description  of  a  mode  of  causing  the  bobbin  to  be  moved 
on  the  spindle  for  the  purpose  of  winding  the  thread  upon  all 
parts  of  it  in  succession,  this  being  done  by  a  movable  rail, 
capable  of  being  shifted  from  time  to  time  by  hand.  This, 
however,  was  only  a  slight  approximation  to  what  was 
required,  and  Arkwright,  in  applying  the  "  heart  motion,''t 
as  it  is  now  termed,  may  be  said  to  have  brought  the  throstle 
well  nigh  to  the  condition  in  which  it  is  used  at  the  present 
day. 

*  Arkwright*!  specification  of  1769  does  not  describe  any  arrangement  for 
this  purpose, 
t  The  date  of  this  application  appears  to  be  unoerUun. 


Crompton's  invention,  in  which  he  combined  the  drawing 
rollers  of  Paul  with  the  use  of  spindles  mounted  in  a  movable 
carriage,  and  which  was  thence  called  the  **  mule/'  as  par- 
taking to  some  extent  of  the  principles  of  both  the  jenny  and 
the  throstle^  formed  an  immense  improvement  on  all  previous 
inventions.  Of  course  the  mule  has  been  greatly  improved 
since  Crompton's  time ;  but  in  spc^aking  of  Mr.  Kennedy  and 
Mr.  Peter  Ewart  as  being  among  the  moat  eminent  of  those 
who  have  improved  that  machine,  Mr.  Dyer  gives  no  reason 
for  his  opinion.  I  pass  from  this,  however,  to  Mf.  Dyer's 
observations  on  the  self-acting  mule. 

Mr.  Dyer  says  the  "  real  difficulty"  connected  with  the 
construction  of  a  self-acting  mule  was  chiefly  confined  to  t&e 
winding  of  the  threads  on  the  cops ;  but,  as  I  can  testify 
from  some  twenty  years'  actual  experience,  this  is  by  no 
means  the  g^reatest  difficulty,  especially  as  regards  the  con- 
struction of  large  mules.  The  backing  off,  or  unwinding  of 
the  loose  coils  of  yam  from  the  spindles,  which  are  above  the 
cops,  so  as  to  allow  the  depression  of  the  '^  faller,"  or  guiding 
wire,  is  connected  with  mechanical  difficulties  of  a  most 
formidable  nature,  and  the  reaction  produced  by  the  sudden 
stoppage  and  reversal  of  the  motion  of  the  spindles  of  a  large 
mule,  with  their  attendant  pulleys  and  geering,  &c.,  has  been 
a  source  of  trouble  and  annoyance  which  none  but  those  who 
have  experienced  it  can  understand.  Mr.  Dyer  mentions  a 
Mr.  Snodgrass  as  having  made  the  first  '^  notable**  attempt  to 
construct  a  self-acting  mule;  but  beyond  the  attempt  being  a 
notable  failure^  I  know  of  nothing  to  entitle  it  to  that  dis- 
tinction. Mr.  Eaton's  invention  of  1819,  which  Mr.  Dyer 
mentions  as  next  in  succession  to  that  of  Mr.  Snodgrass,  was 
undoubtedly  a  very  ingenious  invention,  and  was  used  hy 
himedfiot  some  little  time.  Mr.  Eaton's  specification  shows 
that  his  knowledge  of  the  subject  was  very  accuratCi  but  the 
detaih  of  the  invention^  practiealljf  considered,  were  in  many 
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respects  very  defective.  I  will  not  here  go  into  all  these 
details^  but  will  point  out  two  defects,  either  of  which  were 
sufficient  to  prevent  the  successful  application  of  the  inven- 
tion. One  of  these  was  the  arrangement  of  the  apparatus 
for  effecting  the  "  backing-off,"  (the  difficulties  attending 
which  movement  I  have  already  noticed,)  and  the  manner  in 
which  the  "  sector  used  by  Mr.  Eaton  for  this  purpose  was 
made  to  pass  into  geer  with  the  wheel  upon  the  "  run  "  shaft," 
or  shaft  which  turned  the  spindles,  was  most  objectionable, 
as  creating  a  constant  tendency  to  derangement  and  breakage 
of  both  the  sector  and  wheel ;  and  that  this  was  the  result  of 
the  atrangement  I  have  been  informed  by  a  most  respectable 
engineer  now  living  in  Manchester,  and  who  saw  Mr.  Eaton  s 
machines  during  the  short  time  they  were  in  existence. 

Another  defect  lay  in  the  arrangement  for  effecting  the 
winding  of  the  yam  upon  the  spindles.  For  this  purpose 
Mr.  Eaton  employed  two  conical  pulleys,  one  of  which  gave 
motion  to  the  other  by  means  of  a  strap,  the  latter  being 
traversed  along  the  pulleys  at  intervals  so  as  to  vary  the 
rapidity  of  motion  of  the  spindles  according  to  the  varying 
size  of  the  cops.  It  is  obvious  that  in  this  case  the  liability 
of  the  strap  to  slip  upon  the  pulleys  must  have  led  to  great 
irregularity  in  the  working  of  the  machine,  and  in  fact  I  do 
not  believe  that  a  large  machine  could  be  worked  at  all  on 
such  a  system.  These  defects,  along  with  others  which 
might  be  mentioned,  led  to  such  trouble  and  annoyance  in 
connection  with  the  attempt  to  work  these  machines,  that 
they  were  abandoned  after  a  trial  extending  over  a  few 
months.  In  fact  the  attempts  of  Mr.  Eaton  to  construct  a 
self-acting  mule,  as  well  as  those  of  Mr.  De  Jongh  and  of 
Mr.  Ewart,  to  which  Mr.  Dyer  also  alludes,  can  only  be 
looked  upon  as  so  many  ezperimentSf  none  of  which  were 
attended  with  any  reasonable  amount  of  practical  success ; 
all  being  abandoned  after  a  fruitless  struggle,  exhausting  the 


patience  both  of  the  inventors  and  of  those  connected  with 
them. 

In  speaking  of  Roberts's  invention  of  1825,  Mr.  Dyer 
seems  either  not  to  understand  of  what  that  invention  con- 
sisted^ or  to  greatly  undervalue  it.  Although  it  is  quite  true 
that  this  invention  has  been  greatly  improved  upon  since  the 
date  of  the  patent  granted  for  it,  those  who  are  practically 
conversant  with  these  matters  know  well  that  it  contained 
the  germs  of  what  was  afterwards  developed  into  one  of  the 
most  successful  and  extensively  used  iftachines  ever  produced. 
In  fact  it  may  truly  be  said  that  although  great  improvements 
in  the  construction  of  the  self-acting  mule  have  been  made 
since  the  date  of  Roberts's  invention,  and  especially  during 
the  last  few  years,  stMl,  in  all  or  nearly  all  the  self-acting 
mules  now  used  there  are  embodied  some  of  those  excellent 
mechanical  arrangements  of  which  he  was  undoubtedly  the 
originator,  and  which  must  always  be  looked  upon  as 
imperishable  monuments  of  that  splendid  mechanical  genius 
with  which  Roberts  was  beyond  all  question  endowed.  For 
example,  the  arrangement  of  the  **  cam-shaft"  for  producing 
the  changes  of  motion  of  the  machine ;  the  arrangement  of 
the  double  fallers ;  the  method  of  causing  the  faller  to  be 
depressed  by  the  reverse  movement  of  the  apparatus  which 
turns  the  spindles  in  backing-oflf;  and  the  system  of  regu- 
lating the  ^*winding-on"  by  the  gradual  approximation  or 
othern  ise  of  the  faller  and  counter  faller,  are  all  contrivances 
displaying  the  highest  mechanical  skill  and  ingenuity,  and 
have  all  been  most  extensively  brought  into  use,  and  so  con- 
tinue to  the  present  day,  while  on  turning  to  the  patent 
obtained  by  Roberts  in  1830,  for  the  employment  of  the  well 
known  radial  arm  and  drum  as  a  means  of  effecting  the 
"  winding-on,"  we  find  that  scarcely  a  self-acting  mule  is 
now  constructed  which  does  not  contain  in  some  form  or 
other  a  modification  of  this  famous  invention. 
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In  speaking  thus  of  Roberts's  inventioas,  I  consider  that  I 
am  only  doing  jnstice  to  a  highly  meritorious  engineer,  whose 
ingenious  contrivances,  although  undoubtedly  attended  with 
some  defects,  which  have  led  to  certain  of  his  arrangements 
being  superseded  by  others  of  a  more  perfect  character,  must 
yet  be  admitted  as  having  furnished  some  of  the  brightest 
examples  of  the  mechanical  genius  of  the  present  age.  Mr. 
Roberts  was  the  inventor  of  the  first  practical  self-acting  mule. 

Mr.  Dyer  is  correct  in  attributing  to  the  inventions  of  Mr. 
Smith,  of  Deanstone,¥'  much  novelty  and  some  good  proper- 
ties," and  in  stating  that  Mr.  Smith's  and  Mr.  Roberts's  mules 
were  the  chief  competing  mules  for  many  years.  I  really, 
however,  cannot  understand  Mr.  Dyer  when  he  comes  to  speak 
of  Mr.  Potter^i  inventions.  The  patent  of  1886,  to  which 
Mr.  Dyer  evidently  refers,  was  not  taken  out  by  Messrs.  John 
and  James  Potter,  but  by  Mr.  James  Potter  only;  that 
gentleman  being,  as  I  know  personally,  an  extremely  in- 
genious mechanic.  Mr.  Potter's  T^iules  have  had  no  incon- 
siderable amount  of  succc^^s.  Mules  to  the  amount  of  many 
thousands  of  spindles  have  been  made  and  sold  under  Mr. 
Potter's  patents,  as  I  know  personally.  A  large  firm  of 
cotton  spinners,  with  whom  I  was  formerly  connected,  pur- 
chased and  used  a  number  of  them,  and  I  have  no  hesitation 
in  saying  that  they  possessed  qualities  which  rendered  them 
for  some  purposes  preferable,  on  the  whole,  to  either  Roberts's 
or  Smith's  mules.  Such,  indeed,  was  the  admitted  merit  of 
Mr.  Potter's  invention,  that  on  the  approach  of  the  termina- 
tion of  the  fourteen  years  for  which  his  patent  was  originally 
granted,  the  Liords  of  the  Privy  Council  granted  a  prolonga- 
tion of  the  patent  for  five  years. 

I  am  much  surprised  at  what  Mr.  Dyer  says  in  the 
latter  part  of  his  paper,  in  which  he  states  that  it  was 
not  until  after  the  expiration  of  the  second  patent  of  Mr. 
Roberts  and  that  of  Mr*  Smith  that  a  really  good  working 
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mule  was  constructedi  "  and  which/*  says  he,  *^  appears  to 
have  been  realised  in  the  patent  obtained,  in  1847,  by  Mr. 
Matthew  Curtis  and  Mr.  Robert  Lakin.  Thus  thirty  years 
had  elapsed  from  the  time  when  Mr.  Eaton  gave  the  true 
principles  for  constructing  a  self-acting  mule  to  that  of  their 
being  carried  into  practical  effect  as  above  stated."  Now,  I 
am  acquainted  with  the  specification  of  the  patent  taken  out 
by  Mr.  Curtis  and  Mr.  Lakin,  in  1847.  The  invention 
described  therein  consists  almost  wholly,  so  far  as  it  relates  to 
the  mule,  of  improvements,  or  oUegeAmproYements,  in  some 
of  the  details  of  Smith's  and  Roberts's  machines,  and  there 
is  no  reason  to  give  it  the  character  of  the  first  really  good 
working  mule  ever  constructed.  I  have  the  pleasure  of 
knowing  Mr.  Curtis  and  others  connected  with  his  firm, 
and  I  should  think  if  they  were  inclined  to  claim  such  a 
character  for  any  of.  their  inventions,  it  would  certainly  not 
be  for  the  one  Mr.  Dyer  mentions. 

Nor  is  there  any  better  foundation  for  the  assertion  that 
Mr.  Eaton  "  gave  the  true  principles  for  constructing  a  self- 
acting  mule,"  &c.  As  I  have  already  mentioned,  Mr.  Eaton's 
invention  only  survived  a  few  months,  and  there  is  no  single 
particular  of  Mr.  Eaton's  invention  to  be  found  in  the  self- 
acting  mules  now  used,  while,  on  the  other  hand,  Roberts's 
inventions  form  the  basis  of  the  great  bulk  of  the  self-acting 
mules  now  made,  not  excepting  even  those  made  by  Messre. 
Curtis  and  Co.  themselves.  It  was  Mr.  Roberts,  and  not 
Mr.  Eaton,  who  *'  gave  the  true  principles  for  constructing  a 
self-acting  mule." 

The  highest  test  of  the  efficiency  of  a  self-acting  mule  is  its 
capability  of  spinning  the  finer  numbers  of  yam,  as,  from  the 
delicacy  and  accuracy  of  manipulation  required  in  producing 
the  very  fine  threads,  it  has  been  found  very  difficult  to  adapt 
the  self-acting  mule  to  that  class  of  spinning.  Mr.  Roberts 
himself  fjE^iled  in  this,  as  I  have  heard  him  admit  ii)  the  wit- 
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ness  box  of  a  court  of  justice ;  but  if  this  test  were  applied  to 
the  invention  of  Messrs.  Curtis  and  Lakin^  of  1 847^  it  would  be 
found  lower  dotcn  in  the  scale  than  even  Boberts^s.  Many 
persons  have,  indeed^  until  a  comparatively  recent  period^ 
entertained  the  opinion  that  the  spinning  of  fine  yams  would 
never  be  successfully  accomidished  by  the  self-acting  mule; 
and  had  I  not  already  extended  these  observations  to  a  much 
greater  length  than  I  at  first  intended^  I  could  mention  some 
interesting  circumstances  connected  with  the  progress  of  this 
branch  of  invention.  That  would  carry  me,  however,  into  a 
discussion  with  reference  to  inventors  and  inventions  not 
mentioned  in  Mr.  Dyer's  paper,  and  I  will  therefore  reserve 
what  I  have  to  say  upon  that  part  of  the  subject  for  some 
future  occasion. 

Mr.  Dtbb,  in  reply,  said  that  he  had  supported  his  state- 
ments about  the  patented  inventions  noticed  in  his  paper 
(the  abstract  of  which  only  was  commented  upon  by  Mr. 
Brierly),  by  literal  citations  from  the  printed  specifications. 
His  Notes  were  entitled  "  Part  the  First,  on  the  Mule  Jenny," 
and  that  therefore  he  had  only  to  make  the  distinction  of 
this  class  of  spinning  machines  from  those  of  the  throstle 
class,  and  his  description  of  the  latter  went  no  further  than 
to  show  how  much  of  it  Crompton  took  to  make  up  his 
composite  mules. 
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Ordinary  Meeting,  October  18th,  1864. 

J.  P.  Joule,  LL.D.,  F.R.S.,  &c.,  Vice-President,  in  the 
Chair. 

Mr.  Brothers,  F.RA.S.,  exhibited  a  photograph  of  the 
moon,  which  he  had  made  from  a  negative  by  Warren  De  la 
Rue,  F.R.S.  The  original  negative  is  one  inch  in  diameter, 
and  from  this  a  positive  two  inches  in  diameter  was  first 
made.  This  was  placed  within  the  rays  of  a  nine-inch  con- 
denser of  the  solar  camera,  and  an  enlarged  negative  on  a 
plate  36in*  by  24in.  was  produced.  The  print  exhibited  was 
on  a  single  sheet  of  paper,  and  thus  the  disadvantage  of  join- 
ing several  sheets  together  as  in  other  large  prints  of  the 
moon  was  avoided.  Various  effects  from  the  same  negative 
could  be  produced  by  providing  either  for  the  finer  details  of 
the  strongly  illuminated  side  of  the  moon,  or  for  the  more 
rugged  parts  at  the  side  near  and  at  the  termination  of  parts 
in  shade.  During  the  conversation  which  followed,  Mr. 
Brothers  stated  that  the  negatives  were  the  property  of 
Messrs.  Smith  and  Beck.  It  was  suggested  by  Mr.  Baxendell 
that  more  accurate  micrometrical  measurements  could  be 
made  from  such  a  photograph  than  direct  from  the  moon's 
surface  in  the  telescope — ^in  the  one  case  the  object  being 
still,  and  in  the  other  in  constant  motion;  and  Dr.  Roscoe 
remarked  that  if  a  series  of  the  several  phazes  of  the  moon 
on  the  same  scale  as  the  one  shown  were  published,  he 
i^locnDiHOt— Lit.  A.  Vrtl,  Sooistt— Tol.  IY.^No.  2— Sxssiov,  1864-5. 


1 14 

believed  they  would  be  of  great  value  for  educational  and 
scientific  purposes. 

A  Paper  was  read,  entitled  "  On  the  Relation  of  Force 
to  Matter  and  Mind."  Part  I.  By  the  Eev.  Thomas  P. 
KiRKMAK,  M.A.,  F.B.S.,  Hon.  Member. 

There  are  at  least  three  schools  of  thinkers  among  us, 
about  the  relation  of  force  to  matter.  The  first  and  most 
popular  one  conceives  of  matter  as  leally  existing  and  occupy- 
ing space,  whether  it  be  or  be  not  the  seat  or  subject  of  force, 
so  that  if  all  force  were  withdrawn,  matter  would  remain, 
quiescent  and  unexciting.  The  second  school,  not,  it  is  to 
be  hoped,  a  numerous  one,  affirms  that  matter  exists  of  neces- 
sity, and  is  of  necessity  endued  with  force ;  that  no  power 
can  divorce  matter  and  force;  that  every  form  of  chaos  or 
order  is  but  one  of  the  combinations  that  eternal  matter  must 
assume  by  the  eternal  play  and  collision  of  eternal  force; 
and  that  the  notion  of  an  Author  and  Preserver  of  the 
Universe  is  but  the  dream  of  ignorance.  This  is  the  school 
of  the  Materialists.  A  third  and  I  think  a  growing  school 
denies  the  existence  of  matter  as  distinct  from  force ;  this 
may  be  called  the  school  of  the  Immaterialists.  The  Imma- 
terialists  are  not  the  idealists  of  Berkeley's  type,  for  the 
former  affirm  space,  and  an  external  world  of  force  haviiig 
a  real  existence  in  space,  which  the  latter  are  far  from 
affirming. 

If  any  leading  philosopher  will  boldly  preach  this  Imma- 
terialist  gospel,  and  proclaim  a  crusade  against  matter,  I  am 
prepared  to  promise  him  one  humble  follower. 

Oi  force  no  man  is  required  to  give  either  a  demonstration 
or  a  definition.  We  cannot  converse  without  agreeing  in 
affirming  ourselves  in  space,  which  is  simply  the  affirmation 
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of  existence  or  force  in  this  external  worlds  which  is  not  our- 

selres.    Bat  I  have  a  right  to  demand  from  a  disputant  both 

a  definition  of  matter  and  a  proof  of  its  existence.    It  appears 

to  me  that  this  existence  is  either  an  unproved  inference  from 

the  experience  of  resistance^  or  is  a  delusion  attached  to  a 

word  of  our  infancy.    Why  cannot  I  close  my  hand  upon  a 

brick  ?    The  answer  of  a  child  is,  because  the  brick  is  there, 

inactive  and  inert  there,  a  piece  of  stuff  which  is  doing 

nothing  but  just  lying  there :  this  is  the  notion  of  sluggish 

quiescent  matter.    The  thinker  perceives  that  he  is  prevented 

from  closing  his  hand  by  force  perpetually  in  action  there, 

and  that  the  brick  is  what  it  is  by  virtue  of  intense  cohesion, 

and  other  resistances  that  defeat  his  pressure  and  the  force  of 

his  vnll.     Thus  he  gets  the  compound  notion  of  matter 

having  its  seat  in  space^  and  of  force  having  its  seat  in  the 

matter. 

But  what  need  is  there  of  the  matter  ?  Why  may  not  the 
forces  have  their  seats  in  space?  How  can  you  construct  a 
demonstration  of  the  presence  of  this  matter? 

Tou  appeal  first  to  the  evidence  of  our  senses.  But  we 
are  all  agreed  that  our  sight  imd  hearing  can  teach  us  nothing 
about  forces,  resistances,  and  motions,  except  through  the 
interpreter  touch ;  that  the  telegrams  which  reach  the  mind 
by  sight  and  hearing  are  rapidly  translated  into  nothing  but 
the  memory  of  touch.  Now  touch  teaches  us  absolutely 
nothing  but  resistances^  except  lessons  of  pleasure  and  pain 
that  may  be  here  left  out  of  consideration.  Thus  the  evi- 
dence of  our  senses  comes  to  nothing  more  than  the  con* 
sciousness  and  the'  memory  of  ^^ee^  which  resist  our  own 
force  of  volition. 
Tbu  say  that^thii^table  is  a  geometrical  loeos  of  material 
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points  in  space^  and  at  the  same  time  a  locus  of  forces  having 
their  seats  in  those  material  points.  Let  us  suppose  that 
the  Author  of  the  Universe,  or  some  lower  power  competent 
to  do  it,  were  to  remove  all  the  matter  from  this  locus, 
and  leave  a  system  of  force  exactly  filling  the  locus  of  the 
removed  matter,  each  force  having  its  seat  not  in  a  point  of 
matter  hut  in  a  point  of  space :  suppose  that  these  pure  force- 
points  in  pure  space  should  present  the  same  resistance  to 
my  hand  or  my  tools,  should  receive  the  same  vibrations  from, 
and  communicate  the  same  vibrations  to,  all  that  surrounds 
the  locus,  as  the  force  did  before  the  matter  was  removed. 
How  could  our  senses  detect  the  absence  of  the  vanished 
matter?  The  table  would  feel  and  look  the  same,  sound, 
smell,  cut,  bum  the  same,  as  before.  Then  it  appears  that 
our  senses  help  us  to  no  evidence  either  of  the  presence  or 
the  absence  of  this  mysterious  matter. 

Do  you  appeal  next  to  the  .mathematician?  Tou  refer  to 
his  moments,  moving  forces,  living  forces,  &c.,  in  all  which 
the  mass  is  before  us  in  his  formulae.  It  is  true  that  the 
letter  m  is  there ;  but  to  the  mathematician  it  is  in  all  cases 
simply  a  number,  a  constant  obtained  by  experiment  only, 
experiment  which  is  independent  of  all  hypothesis  about  the 
existence  or  non-existence  of  matter.  Newton,  in  the  opening 
of  his  Principiay  says,  Virium  causas  vd  sedes  non  ea^endo. 
He  neither  troubled  himself  about  the  cause,  nor  about  the 
seat  of  force.  It  was  sufficient  for  him  to  have  the  exact 
positions  in  space  of  the  centre  and  points  of  departure  of 
his  forces  with  their  directions  and  the  numerical  constant, 
given  by  experiment,  which  determine  their  intensities. 
No  mathematician  cares  anything  about  material  seats  for  his 
forces :  he  throws  the  matter  invariably  away,  he  contents 
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himself  with  forces  given  in  position  in  space,  with  the 
requisite  numerical  multiples,  and  he  investigates  simply 
the  relations  and  mutual  actions  of  "pme  foroe-jpoints,  such  as 
centres  of  gravity  and  the  like :  then  he  contracts  and  pre*- 
diets  the  facts  of  the  universe. 

The  Materialist  gains  nothing  by  the  evidence  of  the 
mathematician.  But  he  returns  to  the  charge,  thus  you  have 
oeen  talking  nonsense  about  that  table,  in  pretending  that 
the  matter  can  be  removed  while  all  the  forces  remain ;  for 
matter  exists  in  ultimate  atoms,  each  constituted  by  an 
indefinite  force  of  cohesion  of  its  parts.  Wherefore,  if  the 
atoms  are  supposed  to  be  removed,  their  internal  forces  are 
removed  from  the  locus  along  with  them. 

So  here  are  the  dear  little  atoms — ^their  fairy  troops  are 
brought  into  the  field.  There  is  some  poetry  in  the  super- 
stitions of  the  credulous  Materialist ;  but  poetry  is  not  quite 
Msience.  I  deny  the  existence  of  atoms,  and  demand  proof 
of  it.  Experimental  proof  will  be  difficult  in  the  case  of 
such  small  commodities;  can  we  expect  it  from  analysis? 
Will  there  ever  be  a  proof  of  an  indivisible  absolute  minimum 
of  matter?  Do  you  expect  a  set  of  formulas  to  force  up, 
demonstrating  the  impossibility  of  the  existence  in  the 
universe  of  a  bit  of  matter  of  less  than  a  certain  definite 
weight  and  diameter?  That  may  do  for  the  Materialists, 
but  not  for  the  mathematicians. 

'  If  I  must  believe  in  matter,  I  must  also  believe,  not  that 
it  is  infinitely  divisible — for  that  is  absurd ;  but  that  it  is, 
like  the  space  which  it  occupies  at  this  moment  infinitely 
divided;  so  that  every  mathematical  point,  or  mere  volume 
of  space,  is  occupied  in  a  material  locus  by  a  mathematical 
point,  or  zero  mass,  of  matter.    The  difficulty  of  affirming  an 
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actual  infinite  division  is  no  greater  in  the  case  of  matter- 
than  in  the  case  of  space ;  and  we  are  compelled  to  affirm . 
this  in  space.  Wherefore  I  did  not  talk  nonsense  about  the. 
table.  If  there  is  matter^  its  ultimate  atoms  can  be  nothings 
but  zero  masses,  each  occupying  a  zero  vacuum  of  space^^ 
which  masses,  having  no  parts,  can  be  constituted  by  no 
internal  forces  of  cohesion. 

In  conclusion,  I  venture  to  defy  the  Materialist  to  deduce 
any  experimental  or  logical  demonstration  of  the  existence  of. 
his  matter  the  seat  of  force,  or  bring  proof  of  it  beyond  his 
own  unsupported    assertion.      In    these   notions  there    is 
nothing  new ;  nor  am  I  av^are  that  their  adoption  can  make, 
any  change  in  the  habits  or  symbols  of  our  scientific  thought,, 
except  only  with  reference  to  the  greatest  topic  in  philosophy, 
the  cause  of  the  Universe.     I  think  that  I  have  cleared/ 
abundant  room  for  this  observation :  that,  while  it  is  con- 
fessedly difficult  for  the  Theist  to  prove,  by  a  merely  intellect 
tual  process,  the  existence  of  his  God, — ^it  is  not  a  whit  less, 
difficult  for  the  Materialist  to  prove,  by  any  process  whatever^^ 
the  existence  of  his  matter. 
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PHYSICAL  AND  MATHEMATICAL  SBOnOlT. 

October  ISth,  1864. 

Joseph  Baxbndbll^  F.B.A.S.,  President  of  the  Section^ 
in  the  Chair. 

Mr.  Veenon,  F.R.A.S.,  read  a  letter  from  Mr.  James  Tay- 
lor, Secretary  of  the  Oldham  Corporation  Gas  and  Water 
Works,  enclosing  the  following  returns  of  BainfaU  at  Oldham, 
Strines  Dale,  and  Brushes  Clough.  Mr.  Taylor  states  that 
'^  the  gauge  at  Oldham  is  fixed  at  the  Gas  Works,  about  four 
hundred  yards  from  the  centre  of  the  town.  Strines  Dale  is 
one  of  our  reservoirs  about  two  miles  north-east  of  Oldham. 
Brushes  Clough  is  the  site  of  another  of  our  reservoirs  about 
three  miles  north  of  Oldham." 


RAINFALL  AT  OLDHAM. 
Gaoge — 6  feet  aboTe  ground,  and  600  feet  abore  the  sea. 


1860. 

1861. 

1^ 

6? 

Dally  Bain  lUl 
In  eadh  Month. 

Batn 

No.  of 

sue: 

ICazImitm 
Daily  Bain  lUl 

January  

FebruaiT 

Inches. 
2-65 
0-89 
3-77 
1.37 
318 
6-30 
2-71 
4-48 
2-52 
4-47 
2-51 
1-63 

26 
16 
25 
11 
18 
25 
13 
28 
20 
24 
17 
16 

Inohea. 
21st— 0-38 

8th— 0-21 
28th— 0-50 

8th— 0-32 
26th— 0-50 

2nd— 0^2 
29th-O-50 
lOth-0-63 
16th— 0-66 
lOth-0-72 
2l8t— 0-63 

6th— 0^ 

Inohea. 
0-27 
1-99 
4-46 
0-87 
102 
214 
8-96 
2-63 
4-33 
116 
4-28 
1-66 

8 
17 
28 
6 
8 
16 
27 
20 
17 
15 
24 
15 

Inohea. 
24th-0i)6 
8th--0-57 
2nd — ^0-70 

A"Dril    

1st — 0*36 

M^..;:::;:.:: 

^5th— 0*28 

June    

2l8t— 0*36 

July 

11th— 0*58 

August     

September  ... 

October  

Norenber  , . . 
Deconber   ... 

22nd— 0*55 

8th— 0*72 

24th— 0*23 

26th— 1*04 

6th— 0*61 

36-38 

238 

28*66 

201 

20 


1862. 

1868. 

j^ 

'M 

Mftzlnram 
DftOjBitinViai 
in  oMh  Month. 

^ 

Naof 

BftUyBainFkU 
ineMhMonyi. 

Xn^^ifA, 

20 
10 
18 
16 
22 
25 
21 
16 
17 
20 
16 
23 

8l8fc— 0-49 

l^tr-0-88 

24th— 118 

2nd— 0-40 

7th— 108 

18th-0-44 

31«tr-0-94 

8th— 0-94 

3rd— 1-22 

12th— 0-82 

9th— 0-81 

9th— 0-78 

5-81 
1-46 
1*01 
1-67 
1-94 
4-41 
1-76 
4-96 
6-41 
6-05 
8-48 
3*22 

21 
16 
16 
17 
16 
22 
8 
24 
26 
26 
21 
21 

IndMC 

January  

Februiy 

March 

2*62 
0-73 
8-96 
8-68 
6-70 
8-49 
4-43 
3-22 
617 
6-78 
1-68 
3-86 

lst-1-81 
4th— 0-31 
7th-0-82 

April   

6th— 0-35 

i^S^...:....... 

Uth— 0-63 

June    , , , 

10th— 1-46 

July 

2l8t— 0-88 

AugUBt      

September  ... 

October  

ITorember   ... 
December    ... 

81gtr-0-89 
2l6i— 1-08 
80th— 117 
8rd-0-78 
2nd-072 

48-66 

2^ 

42-06 

234 

BAINFALL  AT  STRIKES  DALB. 


Qauge— 6  feet  aboye  ground,  and  800  feet  aboTe  the  i 


1869. 

1860. 

^. 

H 

srstsusr 

5Sf 

Ifaof 

in  OMdi  Month. 

InohM. 

14 
19 
22 
18 
8 
16 
13 
17 
26 
19 
16 
17 

Inohas. 

l7th-0-62 

26th— 0-84 

14th— 112 

25th-0-42 

7th— 0-27 

6th— 0-52 

22nd— 0-66 

7th— 2-26 

80th— 0-94 

25th-0.91 

lat-0-51 

4tti— 1-02 

Indhet. 
2-81 
0-66 
2-80 
0-76 
3-09 
7*78 
2-63 
610 
8*10 
4-47 
8-86 
2-14 

26 
10 
28 
14 
18 
27 
16 
28 
21 
24 
22 
20 

Indhet. 

Ilii^ 

1-68 
206 
3-46 
2-79 
0-48 
2-44 
2-66 
6-91 
6-62 
3-48 
2-31 
8-06 

19th— 0-28 
8th— 0*16 

28th— 0-49 
l8t— 0-21 

12th— 0-47 

June 

July    

2nd— 1-88 
29th— 0*48 

August 

September 

October 

HoTember 

December  •••... 

6th-0-72 
29tk— 0-48 
16th-0-94 
2l8i— 0-7S 

6th— 1-07 

86-68 

200 

88-62 

249 
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1861.                               1 

1862. 

^ 

Naof 

Hazfannm 

f& 

No.  of 

^3? 

Miurlmiim 

Januaiy  

Februaiy 

Inohes. 
0-84 
211 
4-84 
108 
114 
2-65 
3-93 
216 
413 
1-70 
4-33 
1-81 

16 
17 
28 
9 
11 
16 
27 
21 
20 
17 
23 
17 

Inoh6B. 

16th-0-28 

8th— 0-69 

2nd-0-96 

let— 0-89 

24th— 0-29 

23rd— 0-47 

2l8t— 0-69 

22nd-0-45 

8th— 0-75 

11th— 0  44 

26th-0-85 

6th— 0-67 

Inohas. 
2-39 
0-78 
8-80 
2-81 
5-41 
3-29 
4-53 
2-81 
4-74 
4-69 
1-27 
2-65 

22 
13 
16 
18 
23 
24 
20 
18 
16 
23 
18 
25 

Inches. 
8l8tH-0-38 
lit-0-17 
24th— 1-13 

April   

6th— 0-47 

w^y...::::::::: 

7th— 1-24 

Jane    

13th— 0-47 

July     

15th— 0-44 

AugUBt      ...... 

September  ... 

October   

Koyember   ... 
December    ... 

7th— 0-88 

3rd— 1-26 

16th— 0-68 

14th— 0-28 

9th— 0-76 

30-61 

222 

3907 

236 

1863. 

RalA 

No.  of 

as: 

Maxfanom 
I>ai]j  Bain  Fall 
in  each  Month. 

Januaiy  

Februaiy.....*. 
March 

Inehes. 
6*02 
0-99 
116 
1-47 
1-87 
4-82 
1-87 
5-27 
6-78 
5-99 
2-60 
263 

25 
15 
18 
19 
15 
22 
13 
24 
24 
24 
22 
22 

Inches. 
let— 1-64 
4th— 0-18 
7th— 0-28 

April   

5th— 0*86 

^j:zz 

14th— 0-33 

June    . , 

10th— 1-46 

July 

2l8t— 0-95 

August    

September  ... 

October  

Noyember   ... 
December    ... 

3l9t— 0-86 
2l8t-0-90 
30th— 108 
3rd— 0-40 
8th— 0-46 

88-87 

248 
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BMSFALh  AT  BBUSHES  CLOUGH. 


Gkrage^S  feet  ftbove  the  ground,  and  960  feet  ftboTe  the  i 


1862. 

1863. 

Bain 
Fall. 

sr 

IfAzhnmn 
Daily  BatnSUl 
in  eMh  Month. 

Bain 
FaU. 

Naof 

Kaadmnm 

Janaary  

February 

M<|i^h 

IiiOhet. 
319 
1-01 
4-29 
4-04 
6-49 
4-31 
5-69 
3-33 
6-46 
6-66 
1-86 
4-66 

21 
18 
22 
27 
28 
17 
19 
28 
17 
26 

Inohea. 

3l8<r-0-53 
l8t-019 

24th— 112 
6th— 076 
7th— 1-41 

12th— 0-50 

3l8t— 1-06 
7th-0-95 
3rd— 1-39 

12th— 0-83 
9th— 0-42 
9th-0-96 

Inches. 
6-41 
212 
1-43 
1-93 
2-80 
4-40 
1-97 
6-23 
7-31 
7.40 
3-89 
8-80 

26 
19 
19 
19 
18 
17 
9 
22 
27 
25 
22 
21 

Inches. 
Isfc— 1-66 

lfllr-0-34 

7th— 0-29 

April    

6th— 0-64 

Miy...::; 

11th— 101 

June 

11th— 102 

July 

2l0t— 0-96 

^***j  •••• 

Auguflt 

September  ... 

October   

Noyember   ... 
Deoember    ... 

27th— 0-58 
2^8t— 1-88 
30th— 1-38 
8rd-076 
2nd— 0-86 

60-87 

^48 

48.19 

248 

Mr.  Baxbndell  read  the  following  '^JNote  on  a  New 
Star  near  the  Greenwich  Variable,  No.  1773  of  the  12-year 
Catalogue." 

On  the  13th  of  June^  1861^  I  made  a  diagram  of  the 
Variable  Star  No.  1773  of  the  Greenwich  12-year  Catalogue, 
and  three  small  companion  stars  as  seen  with  Mr.  Worthing- 
ton's  13-inch  Newtonian  Beflector,  and  estimated  the  mag- 
nitudes of  the  companions  to  be  a=13-2,  S=13*2,  and 
c=18"7.  No  other  stars  were  visible  at  that  time  within  an 
area  round  1773  having  a  radius  equal  to  the  distance  of 
the  companion  a,  the  limit  of  visibility  being  the  14*5  mag- 
nitude; and  the  accuracy  of  the  diagram  was  verified  on 
several  subsequent  nights. 


23 

On  the  night  of  the  2nd  of  October  instant,  wWkl  on  a 
visit  with  my  friend  Mr.  B.  D.  Naylor,  FJJ.A.S.,  at  Bowdon, 
Cheshire,  I  turned  his  newly-mounted  achromatic  equatorial 
of  6'2  inchos  aperture,  by  Cooke  and  Sons,  of  York,  on  1773, 
and  observed  three  small  stars  near  it  which  I  took  to  be  the 
objects  I  had  laid  down  in  my  diagram  of  Jjone  13,  186 1 ;  but 
it  afterwards  occurred  to  me  that  the  star  c  was  not  in  the 
position  shown  in  the  diagram,  and  therefore  on  the  night  of 
the  6th  instant,  I  directed  Mr.  Wordington's  13-inch  re- 
flector upon  1773,  when  I  at  once  saw  that  the  star  I  had 
taken  to  be  c  was  in  reality  a  new  object,  all  the  three  stars 
seen  on  the  I3th  June,  1861,  being  in  the  positions  shown 
in  the  diagram,  though,  strangely  enough,  c  was  about  half 
a  mag.  less  bright  than  I  had  estimated  it  to  be  at  the  time 
the  diagram  was  made.  The  magnitude  of  the  new  star  d 
was  estimated  to  be  13*3.  Using  the  13-inch  reflector  again 
on  the  night  of  the  7th  instant,  careful  estimations  gave  the 
magnitude  of  the  four  small  stars  a=13'2,  2=13*1,  0=14*1, 
rf=13*3. 

The  sky,  for  a  short  time  before  midnight  on  the  9th 
instant,  was  unusually  clear  to  the  west,  and  the  three  com- 
panions a,  by  and  d,  were  seen  with  the  5-iuch  achromatic, 
and  their  magnitudes,  determined  photometrically,  were  found 
to  be,  fl=13-l,  i=t2-8,  rf=l3-2. 

The  relative  positions  of  1773  and  its  companion  stars  are 
shown  in  the  annexed  diagram.  The  distance  of  the  new 
star  d  from  1773  is  about  48,''  and  its  angle  of  position 
about  31 5^ 
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The  place  of  1778  for  1865  is 

B.  M.  S. 

R.iL    19    42    51-6 
Dec.     26^  5T  S-G-'  N. 


From  some  observations  made  with  the  5-inch  achromatic 
in  September,  1863^  it  appeats  that  b  was  at  that  time  at 
least  three-terUhs  of  a  magnitude  less  bright  than  a,  which 
was  then  estimated  to  be  of  the  same  magnitude  as  at  pre- 
sent. The  variability  of  1773  was  discovered  at  the  Royal 
Observatory,  Greenwich,  in  1837,  by  Messrs.  Bogerson  and 
Glaisher;  and  as  d  was  certainly  invisible,  or  at  least  below 
the  14*5  magnitude  in  June,  1861,  and  c  is  now  about  half  a 
magnitude  less  bright  than  it  was  at  that  time,  while  b  on 
the  other  hand  is  a  full  half  magnitude  brighter  than  it  was 
in  September,  1863,  we  have  here  f(mr  variable  stars  within 
an  area  of  little  over  one  square  minute,  and  it  is  to  be 
remarked  that  the  place  of  Anthelme^s  new  star  of  1670  pre- 
cedes this  singular  and  interesting  group  with  a  difference  of 
right  ascension  of  only  about  48  seconds. 
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Ordinary  Meetings  November  1st,  1864 

E.  Angus  Smith,  PhiD.,  RR.S.,  &c..  President,  im  the 

Chair. 

The  following  gentlemen  were  elected  Ordinary  Members 
of  the  Society:— Mr.  William  Cort  Wright,  F.O^,;  Mr. 
George  Heppel,  M.A. ;  and  Mr.  William  Mather. 

Mr.  SiDBBOXHAM  said  that  he  had  noticed  the  oommw 
statement  that  Beech  Trees  were  ^eFer  damaged  by  Jightwpg* 
:He  had  been  induced  to  collect  facts  on  the  6uJ^ect,.{^)d 
had  fomid  that  (mt  of  28  instaxkces,  the  trees  struck  were«^ 
Oak,9;  Poi^lflr,?;  Ash,  4;  Willow,35  Horse^CShestnu^,  I; 
Chestnut,  1 ;  Walnut,  1 ;  Thorn,  1 ;   Elm,  I,  leppectively. 

Mr.  BiNNBT  remarked  that  strokes  of  lightning  were 
generally  determined  by  the  nature  of  the  subsoil,  and  that 
in  certain  localities  thunderstorms  were  very  destructive, 
while  in  others  they  were  comparatively  harmless,  and  damage 
by  lightning  hardly  ever  occurred.  The  Beech,  it  was  well 
known,was  generally  found' growing  upon  dry,  sandy  soils, 
<which  were 'bad  conductors  of  electridty,  And  which  Ihestfore 
acted  as  protectors,  agaiiwst  detractive  Ughtning.discharges. 
PBocnDnrcHi— Lit.  &  Fhh..  Sooutt— Vol.  IY.-No.  8— Sbssiov,  1864-6. 
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The  Pbbsidbnt  gave  an  account  of  an  aspirator  which  had 
been  contrived  for  him  by  Mr.  J.  B.   Dancer,  of  Cross- 
street,  to  be  used  in  the  analysis  of  mixed  gases,  &c.    A 
drawing  accompanies  this  description.    Two  jars  graduated 
into  parts  of  a  cubic  foot  or  according  to  pleasure,  are  mounted 
in  brass,  and  placed  mouth  to  mouth  on  an  axis  ^,  A,  or  the 
white  portion  enclosed  by  c,  d,  e^f.    The  upper  jar  is  filled 
with  water  and  the  taps  opened;  then  the  water  flovra  from 
a  to  by  the  air  or  gas  entering  by  h,  and  passing  previously 
through  any  solution  that  may  be  used,  as  at  t.    The  gas 
.  enters  a  by  the  tube  k,  the  air  in  i  goes  out  by  c.    When  a 
.  is  emptied,  it  is  simply  turned  round  by  the  hand,  and  b  the 
filled  bottle  stands  uppermost.    The  shaded  part  of  c,  d^  e,f, 
revolves  with  the  jars,  and  the  openings  are  so  made  as  to  form 
continuations  of  the  openings  in  the  axis  ff,  h.    The  same 
00  nditions  exist,  no  matter  which  jar  is  uppermost.    This 
apparatus  is  very  convenient  in  a  laboratory,  and  has  an 
advantage  over  other  aspirators  in  measuring  the  gas.    The 
measurements  on  the  jars  are  made  at  a  definite  pressure  of 
water,  and  this  ought  of  course  to  be  maintained  when  the 
numbers  are  read  off.    The  apparatus  is  certainly  very  elegant, 
and  is  an  ornamental  as  well  as  useful  addition  to  a  chemist's 
work  table.    It  may  be  called  Dancer's  Aspirator,  or  the 
Swivel  Aspirator. 

Dr.  Boswell  Beid  describes  one  somewhat  resembling  this, 
but  instead  of  having  the  swivel  movement,  it  was  necessary 
to  lift  the  whole  apparatus  and  to  invert  it.  It  was  in  reality 
two  aspirators;  one  emptied  itself  into  the  other. 
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Dr.  JouLB  described  the  process  he  employed  to  harden 
steel  wires  for  magnetic  needles.  The  wire  was  held  stretched 
between  the  ends  of  two  iron  rods  bent  into  a  semicircular 
shape.  The  free  ends  of  the  iron  rods  could  be  placed  in 
connexion  with  a  voltaic  battery  by  means  of  mercury  cups. 
Underneath  the  steel  wire  a  trough  of  mercury  was  placed. 
When  the  ends  of  the  iron  rods  dip  into  the  cups  the  current 
passes  through  the  wircj  heating  it  to  any  required  extent. 
When  these  ends  are  lifted  the  current  is  cut  oflf^  while  at  the 
same  instant  the  heated  wire  is  immersed  in  the  trough  of 
mercury. 


OOREiaENDA. 
Mr.  KmKMAN  begs  the  reader  to  make  the  following  correctioDs 
in  the  last  No.  of  these  Proceedings  : — 

Page  14,  line  11,  for  •  unexciting,'  read  vmremling, 

15,  line  1,  for '  existence,'  read  resigtance. 
„  line22,for*foroefl,'read/of«#. 

16,  line  27,  £>r '  centre,'  read  centres, 

17,  line  2,  for  *  multiples,'  read  mUiipUen. 
„  line  4,  for  <  then  he  oontraots,'  read  thue  he  conHrueU. 
„  line  21,  for  « force,' read  <iir». 
„  line  8  firom  bottom,  for  *  mere,'  read  zero, 

18,  line  5,  for  *  vacuum,'  read  volume, 
„  line  8,  lor  *  deduce,'  read  addmoe, 
^  line  10,  for  *  bring,'  read  amjf. 
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Ordinary  Meeting,  November  15^  1864. 

B,  Akous  ShitHj  Ph.D.^  F.B.S.,  &c.,  President,  in  the 

Chair. 

The  following  letter  from  Mr.  James  Nasmyth,  C.E., 
addressed  to  Mr.  Joseph  Sidebotham,  and  dated  November 
8th,  was  read:— > 

I  had  intended  to  have  sent  the  Manchester  Literary  and 
Philosophical  Society  ^'  a  Paper/'  embodying  some  ideas  I 
entertain  in  regard  to  the  vast  antiquity  of  the  features  and 
details  of  the  lunar  surface,  but  in  attempting  to  put  my 
views  on  this  subject  into  the  formal  shape  of  '^  a  Paper/' 
somehow  or  other  my  pen  won't  say  what  I  want  it  to 
express,  so  I  am  fain  to  get  out  of  the  difficulty  by  sending 
yon  an  abstract  of  my  views  on  this  subject  in  the  form  of 
a  letter. 

The  views  I  entertain  on  the  subject  in  question  are  these, 
namely,  that  as  a  direct  consequence  of  the  small  mass  of 
the  moon,  and  its  comparatively  large  surfoce,  it  must  have 
parted  with  its  original  cosmical  heat  with  much  greater 
rapidity  than  in  the  case  of  the  earth,  and  consequently  the 
moon  must  have  assumed  a  final  condition  of  surface  struc- 
ture ages  before  the  earth  had  ceased  from  its  original  molten 
condition.    And  as  the  moon  had  in  all  reasonable  proba- 
bility never  possessed  an  atmosphere  or  water  envelope  (it 
certainly  has  none  such  now),  while  the  earth  has  both,  the 
action  of  the  earth's  atmosphere,  and  especially  that  of  its 
ocean  when  it  existed  in  the  first  instance  as  a  vast  vapour 
envelope,  ere  the  earth  had  cooled  down  so  as  to  permit  the 
FiooiiDives— lOT.  *  Psn*  Soonrr— Vol.  iy.-17o.  i-Sswiov^  186i-5. 
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ocean  taking  up  its  final  position  (la  an  ocean,  this  mighty 
vapour  envelope  must  have  retarded  the  escape  into  space  of 
the  cosmical  heat  of  the  earth  millions  of  ages  after  the  moon 
.  had  assumed  its  final  condition  as  to  temperature. 

Therefore  it  is  from  sueh  considerations  I  am  led  to  the 
conclusion  that  the  surface  features  and  details  of  the  moon 
present  to  us  a  sight  of  objects  the  antiquity  of  which  is  so 
vast  as  to  be  utterly  beyond  the  power  of  language  to  express^ 
and  scarcely  less  so  for  the  mind  to  conceive. 

But  yet  at  the  same  time  such  considerations  appear  to  me 
to  enhance  so  vastly  the  deep  interest  which  ever  attends 
the  examination  and  contemplation  of  the  moon's  wonderful 
surface^  that  I  would  earnestly  urge  those  who  agree  with 
the  soundness  of  these  views  to  bear  them  in  mind  next  time 
they  have  an  opportunity  to  behold  the  marvellous  details  of 
the  lunar  surface^  as  I  am  fain  to  think  that  in  doing  so  the 
interest  of  what  is  there  revealed  to  them  will  be  rendered 
vastly  more  impressive. 

The  President  read  a  paper  ^^  On  the  Composition  of  the 
Atmosphere."  He  believed  that  his  inquiry  proved  that  the 
oxygen  test  was  a  very  valuable  one,  as  indicating  the  con- 
dition of  the  atmosphere.  The  oxygen  was  diminished  in 
many  cases,  and  indeed  in  all  cases  where  the  air  was  known 
to  be  inferior.  He  said  the  objection  to  such  air  may 
perhaps  be  found  not  so  much  in  the  absence  of  oxygen  as  in 
the  gases  which  take  its  place.  That  place  was  not  wholly 
supplied  by  carbonic  acid.  He  believed  it  needful  to  examine 
the  composition  to  the  second  decimal  place  in  the  case  of 
oxygen,  and  to  the  third  or  even  fourth  in  the  case  of  carbonic 
add^  as  extremely  small  amounts  of  some  gases  affect  us. 
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Hitherto  we  hare  kad  the  composition  of  the  air  given  in 
numbers  varying  a  tenth  per  cent — specimens  have  generally 
been  taken  from  rooms  on  streets  or  open  places  indiacrimi- 
nately.  It  is  the  author's  wish  to  show  that  variations  are 
dependent  on  the  conditions  of  soil>  situation,  wind,  &c.,  and 
that  the  oxygen  and  carbonic  acid  together  may  with  very 
minute  analysis  guide  us  in  our  sanitary  inquiries.  The 
paper  cannot  easily  be  given  in  abstract,  further  than  by 
adding  a  table  of  the  analyses  showing  the  average  numbers 
obtained  in  various  places :  — 

Akaltses  of  Atmospheres  vabtino  m  Oxtoen. 

.Oxygen  p«^ 

oent. 
Ayge.No8. 

N.K  sea  shore  and  open  heath  (Scotland) 20*999 

Tops  of  hills  (Scotland)    20-98 

In  a  submrb  of  Manchester  in  wet  weather 20*98 

Ditto  ditto  ditto      20*96 

Front  of  street  |ths  of  mile  from  Exchange,  Manchester. . .     20*945 

At  the  back  part  of  the  house 20*936 

Low  parts  of  Perth  20*935 

Swampy  places  (favourable  weather) 20*922  to  20*95 

In  fog  and  £rost  in  Manchester    20*91 

In  sitting  room  which  felt  close,  but  not  excessively  so...  20*89 

In  a  small  room  with  petroleum  lamp,  well  ventilated  ...  20*84 

Ditto  after  six  hours 20*83 

Pit  of  Theatre,  11  30  p.m 20*74 

Oallery,  10  30  p.m 20*36 

In  large  cavities  in  mines 20*77 

In  currents   20*65 

Under  shafts 20*424 

In  sumps  20*14 

When  candles  go  out  * * about  18*5 

The  worst  specimen  yet  examined  in  the  mine  18'27 

Veiy  difficult  to  remain  in  for  many  minutes 17*2 
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Analtsm  of  Athosphibbs  VABTma  ik  Cabbonio  Aoid. 

ATge.afOir- 

booleAdd 

poroant. 

MancheBter  streets,  usual 0*0403 

During  fogs  00679 

About  middens 0O774 

Average 00442 

Fogs  excepted  0O424 

Fogs  and  middens  excepted 0*0403 

Where  the  fields  begin 0O369 

In  close  buildings 01604 

Minimum  of  suburbs    0*0291 

Over  North  Scotland  (towns  excepted)    0*0336 

Candle  goes  out 1*8  to  2*5000 

Lowest  found  in  mines 2*5000 

Lowest  entered 4*0000 

T^e  greater  part  of  this  is  given  in  Dr.  Angus  Smith's 
Beport  *'  On  the  Air  q/'ifme*.*'— Appendix  to  Beport  of  the 
Boyal  Mines  Clommission^  1864. 
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First  Ordinary  Meeting,  Session  1864-5. 
17th  October,  1864. 

Joseph  Sidbbothah,  Esq.,  President  of  the  Section,  in 
the  Chair. 

Tlie  Prssidevt  stated  that  he  regretted  to  have  to  inform 
the  members  of  the  total  failure  of  the  efforts  made  during 
the  last  summer  to  provide  them  with  fresh  cotton  pods  for 
the  purpose  of  investigating  into  the  structure  of  the  cotton 
fibre.  This  was  partly  owing  to  ravages  of  the  common 
greenhouse  pest,  the  red  spider,  and  partly  unaccounted  for 
as  the  plants  had  flowered  but  not  fruited.  He  called  the 
attention  of  the  meeting  to  the  compact  form  of  microscope 
made  by  Mr.  Dancer  to  fiacilitate  seaside  and  other  investiga- 
tions, where  portability,  combined  with  means  of  using  the 
higher  powers,  was  the  chief  desideratum.  A  specimen  was 
on  the  table,  and  he  and  other  members  could  bear  testimony 
to  its  advantages. 

He  also  called  the  attention  of  the  members  to  the  many 
beautiful  forms  of  insects  and  vegetable  life  which  were 
frequently  neglected  as  being  too  small  to  be  examined  by 
the  unaided  eye,  and  yet  too  large  for  the  ordinary  powers  of 
the  microscope.  He  assured  the  members  the  use  of  the 
present  three  or  two  inch  object  glasses  would  reveal  to  them 
many  objects  of  surpassing  beauty,  which  had  hitherto  only 
been  studied  in  detail. 

With  regard  to  the  use  of  such  powers  as  the  iVth  or 
sVih,  he  thought  they  seemed  to  have  reached  the  limits  of 
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the  available  power  of  microscopic  object  glasses,  as  it  appears 
impossible  to  sepasate  or  define  lines  moie  numerous  than 
ninety  thousand  in  an  inch,  on  account  either  of  the  decom- 
position of  light  or  some  other  cause.  It  therefore  seems 
beyond  our  power  ever  to  discover  more  of  the  ultimate 
composition  of  matter  by  aid  of  the  microscope,  even  were  we 
not  prevented  by  the  material  composition  of  our  lenses  and 
organs  of  vision. 

We  have,  however,  penetrated  to  the  very  oonfines  of 
organic  life,  if  not  beyond,  inasmuch  as  no  organisms  appear 
to  exist  smaller  than  those  we  can  already  see. 

It  is,  moreover,  a  curious  fact  that  the  smaller  creatures 
are  composed  of  fewer  elements  than  the  larger  ones,  and 
that  the  number  of  elementary  bodies  composing  them  de- 
crease in  number  as  the  organisms  themselves  decrease  in 
size.  It  becomes  therefore  a  matter  for  speculation  whether 
the  reason  of  this  may  not  be,  that  the  ultimate  atoms  of 
some  elementary  bodies  are  larger  than  others,  and  thcLt 
l^ese,  ftom  their  siae,  cannot  be  used  in  the  conxposition  of 
the  BU)re  minute  forms  of  organic  bodies,  and  that  smaller 
organisms  than  those  about  77^th  of  an  inch  do  not  elist, 
because  the  ultimate  atoms  of  all  solid  bodies  are  too  large 
to  be  economically  used  in  their  foimation.  The  telescope 
appeared  to  have  infinite  fields  of  distance  to^explore,  but  it 
would  seem  the  microscope  had  nearly  reached  the  limits  of 
its  possible  power. 

Mr.  J.  B.  Dancbr,  F.R.A.S.,  then  read  a  paper  *'  On  a 
contrivance  for  regulating  the  amount  of  light  transmitted 
from  the  source  of  illumination  to  the  mirror  of  the  micro- 
soope.?' 
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When  viewing  cettaijL  objects  by  tnanBmitted  Hght,  and 
"particnlarly  with  obEque  illumination,  a  very  slight  altera- 
tion in  the  quantity  and  direction  of  the  light  produces  a 
marked  difference  in  the  appearance  of  the  object,  especially 
in  Diatomacese,  where  a  proper  management  of  the  light 
shows  lines  or  markings  invisible  under  ordinary  direct  illu- 
mination. 

The  apparatus  now  exhibited  is  one  easily  made  at  a 
trifling  cost,  and  consists  of  a  circular  disc  of  blackened  tin 
or  cardboard  ten  or  twelve  inches  in  diameter,  with  a  number 
of  perforations  of  various  shapes  and  sizes— circular,  cross- 
shaped,  wedge-shaped,  &c. — the  centres  of  which  are  about 
3^  inches  from  the  centre  on  which  the  disc,  placed  perpen- 
^dicularly,  rotates.  The  form  of  perforations  found  generally 
most  useful  are  parallel  slits — slits  at  right  angles  to  each 
other— wedge-shaped  and  circular  openings. 

The  object  under  view  must  be  well  illuminated  in  the 
direction  required,  and  then  the  disc,  supported  by  a  pillar, 
is  placed  between  the  source  of  light  and  the  concave  mirror, 
when  a  few  trials  will  determine  the  best  form  of  aperture. 

The  markings  of  Pleurosigma  fasciola,  angulatum,  &c.,  may 
be  seen  by  its  aid  under  powers  which  would  not  show  them 
with  any  arrangement  of  achromatic  condensers,  and  it  also 
has  the  good  property  of  shading  all  but  the  amount  of  light 
required  from  the  lower  portion  of  the  microscopic  stage  and 
stand. 

The  disc  might  be  attached  to  the  lamp,  but  it  appears  to 
work  better  on  a  stand,  and  is  susceptible  of  various  modifi- 
cations which  will  readily  suggest  themselves  to  the  micro- 
scopist. 
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Mr.  W.  H.  Hits  exhibited  tpedmens  of  learet  of  the 
vegetable  marrow^  showing  reticulated  markings  somewhat 
similar  to  those  of  Symphytum ^  and  presented  a  slide  to  the 
cabinet 

Mr.  SiDBBOTHAM  Stated  that  in  sweeping  over  herbage  for 
Coleoptera  and  other  insects,  he  had  found  some  very  curious 
seeds,  to  one  of  which,  that  of  Sanicula  Europea,  he  thought 
attention  had  not  hitherto  been  drawn,  though  well  deserving 
of  it.  Those  of  Henbane  and  Daucus  were  also  most 
singular. 

Mr.  Linton  exhibited  the  elegant  tufted  stigmas  of  Pote- 
rium  sanguisorba,  and  the  very  singular  calyx  of  the  gum  ^ 
Cistus,  which  might  almost  be  mistaken  for  the  skin  and 
scales  of  a  fish. 
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Ordinary  Meeting,  November  29th,  1864. 

B.  Angus  Smith,  Ph.D.^  F.B.S.,  &c..  President,  in 
the  Chair. 

Mr.  E.  C.  Buxton  was  elected  an  Ordinary  Member  of  the 
Society. 

Dr.  JouLB  exhibited  a  magnetic  needle  for  showing  rapid 
and  minute  alterations  of  declination.  It  consisted  of  a  piece 
of  hardened  and  polished  watch  spring,  an  inch  long  and 
one-tenth  of  an  inch  broad^  suspended  vertically  by  a  filament 
of  silk.  The  steel  was  magnetised  in  the  direction  of  its 
breadth.  He  remarked  that  Professor  Thomson  had  long 
insisted  upon  the  advantages  which  would  attend  the  use  of 
very  small  bars  in  most  magnetical  investigations,  and  had 
employed  excessively  minute  needles  in  his  galvanometers 
with  great  success.  Dr.  Joule  stated  his  intention  to  fit  up 
his  needle  so  as  to  be  observed  by  light  reflected  from  its 
polished  surface,  or  otherwise  by  viewing  a  glass  pointer, 
attached  to  the  bottom  of  the  steel,  through  a  microscope. 
He  believed  that  by  the  latter  plan  he  should  be  able  to 
observe  deflections  as  small  as  V  of  arc. 
PBooiBPiiras— Lit.  ft  Pho.  j3oohxy— Yoi.  IV— No.  6-I9iwion  1864-6. 
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A  paper  was  read  *^  On  Differential  Equations/!  by  His 
Honour  Chief  Justice  Cockle,  M.A.  F.R.A.S.,  F.C.P.S.,  &c., 
President  of  the  Philosophical  Society  of  Queensland ;  com- 
municated by  the  Rev.  Robert  Haeley,  F.R.S.,  &c. 

Importing  an  arbitrary  constant  C  into  a  result  which  Mr. 
Robert  Rawson,  an  Honorary  Member  of  the  Manchester 
Literary  and  Philosophical  Society,  in  a  letter  dated  Ports- 
mouth, June  14  th,  1862,  communicated  to  me,  we  may  say 
that  the  differential  resolvent  of  a  (trinomial)  cubic,  whereof 
the  coefficient  of  the  second  term  vanishes  and  that  of  the 
third  is  constant,  is  of  the  form 


Put 


then,  (1)  divided  by  X*  becomes 

Now,  if 

L  =  ±K,  M=TK, 
then 

(i4-'-Xx4*">=» (') 

is  the  symbolical  decomposition  of  (I )  or  (2).  When  L  and 
M  are  any  constants  whatever,  (3),  when  developed,  gives 
rise  to  a  linear  differential  equation  of  the  second  order 
reducible  to  an  equation  with  constant  coefficients  by  changing 
the  independent  variable  frpm  x  to  t^  where 
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la  deducing  from  (3)  its  development^  the  order  of  the 
symb(dical  factors  is  indiflferent,  but  the  two  particular  inte- 
grals of  the  development  are,  I  think,  obtainable  by  reversing 
in  (3)  the  order  of  the  symbolical  factors.  The  differential 
resolvent  of  every  such  trinomial  cubic  as  that  discussed  by 
Mr.  Rawson  is  soluble  by  a  change  of  the  independent  vari- 
able, and  belongs  moreover  to  a  comparatively  simple  form  of 
equation  soluble  by  such  change. 

The  theory  of  Transcendental  Solution  has  led  me  to  the 
following  proposition  (theorem) :  — 

If  an  irreducible  algebraical  eqtiation  of  the  degree  n  have  a 
homogeneous  linear  differential  coresolvent  of  the  order  m,  then 
any  root  whatever  of  the  algebraical  equation  can  be  expressed 
as  a  linear  and  homogeneous  function  of  any  other  m  of  its 
root. 

The  general  demonstration  would  not  be  much  more  diffi- 
cult than  or  very  different  from  the  particular  demonstration 
of  the  case  m=2.  The  converse  of  this  theorem,  I  believe, 
is  true. 

In  such  case  let  a  and  b  be  the  particular  integrals  of  the 

differential  resolvent  which  (since  m=2)  is  by  hypothesis  of  the 

second  order  only.    Let  a,  |3,  and  y  be  any  three  of  the  roots 

of  the  algebraical  equation.    Then,  since  among  the  values 

that  can  be  assigned,  by  means  of  the  arbitrary  constants,  to 

the  general  integral,  the  roots  of  the  algebraical  equation  are 

included,  we  have  three  such  relations  as 

Aa  +  D6  =  a, 

Ba  +  E6-/3, 

Ca4.F6  =  y, 
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wh^fein  A,  B,  •  •  ^  F  are  constants.  Multiplying  the  firsts 
second^  and  last  of  these  equations  into  the  arbitrary  multi- 
pliers X;  fii  and  Vf  and  adding  the  results,  we  have 

(XA  +  /iB  +  vC)a  +  (XD  +  /LeE+vF)6  =  Xa+^/3  +  vy (4) 

Hence  if  the  ratios  of  any  two  of  the  quantities  X,  /i^  v  to  the 
third  be  so  assigned  as  to  satisfy  the  equations 

then  the  sinister  of  (4)  will  vanish  independently  of  a  and  6, 
and  the  homogeneous  linear  relation 

Xa  +  /i/J+yy  =  0 (5) 

will  subsist  among  the  roots  a,  |3>  and  y  of  the  algebraical 
equation.  When  n=3  we  (since  the  differential  resolvent  is 
homogeneous)  have  without  reference  to,  but  consistently 
with,  the  theorem, 

a  +  /J  +  y  =  0 (6) 

Combining  the  above  theorem  with  one  given  by  Abel  and 
Galois,  we  conclude  that :  — 

If  an  algebraical  equation  have  a  differential  resokent 
of  the  second  order ^  the  algebraical  equation  is  resoluble 
algebraically. 

Before  closing  I  would  add  thai,  as  it  seems  to  me,  it 
would  be  more  consonant  with  the  notation  and  practice  of 
the  rule  of  three,  and,  therefore,  with  convenience  and  the 
analogies  of  arithmetic,  if  by  the  ratio  p :  q  there  were  univer- 
sally understood  (not  the  fraction  p^^q^  but)  the  fraction 
q^p. 
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Mr.  B.  D.  Dj^bbishibe,  F.G.S.^  read  a  paper  entitled 
'^  Notes  on  Marine  Shells  found  in  Stratified  Drift  at  Maccles- 
field," and  exhibited  a  series  of  specimens. 

The  specimens  were  chiefly  collected  by  Mr.  W.  J.  Sainter 
and  Mr.  Lowe^  of  Macclesfield,  from  sand  and  gravel  exposed 
in  the  formation  of  the  new  Cemetery  on  the  north  side  of 
the  town,  at  an  elevation  of  between  500  and  600  feet  above 
the  level  of  the  sea.  Unfortunately  the  buying  of  specimens 
had  caused  the  intrusion  of  many  spurious  firagments,  casting 
suspicion  on  several  that  might  after  all  prove  to  be 
genuine. 

The  beds  in  question  were  exposed  on  a  south-easterly 
face,  but  are  now  defaced  by  ballast  tips; ,  consist  of  fine 
(running)  sand,  fine  and  coarse  shingle,  and  very  coarse  gravel 
with  large  pebbles  unscratched;  and,  while  stratified,  in 
general  horizontally,  exhibit  in  their  great  irregularities  of 
extension,  level  and  false  bedding,  characteristically  marine 
aspect,  as  of  a  sea  bottom  under  the  influence  of  tidal  and 
other  varying  currents. 

Below  appears  the  "lower  boulder  day*'  of  the  Ordnance 
geologists. 

The  shells  are  nowhere  numerous.  Mr.  Lowe  speaks  of 
finding  some  in  layers.  Unfortunately  the  shells  from  parti- 
cular beds  have  not  been  distinguished. 

In  the  list  specimens  obviously  spurious  have  not  been 
noticed*     The  following  species  had  been  identified :  -^ 
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Pholas  crispata. 
Pholas  Candida. 
Mya  truncata. 
Mya  aseDaria. 
Psammobia  ferroensis. 
Donax  anatinus. 
Tellina  solidula. 
Mactra  solida. 
Lutraria  elliptica. 
Cytherea  chione. 
Venus  striatula. 
Artemis  lincta. 
Cypnna  islandioa. 
Astarte  elliptioa* 
Astarte  arctica. 
Gardiiun  eohinatum. 
Caidium  aouleatnm  (?) 
Cardium  rustioum. 
Cardiiun  edule. 
Cardium  Norvegicum. 
Mytilus  edulis. 
Modiola  modiolus. 
Nucula  sp. 
Area  lactea. 
Pectimculus  sp. 


Pecten  opercularis. 
Ostrea  edulis. 
Patella  vulgata. 
Dentalium  entale. 
Dentalium  Tarentinum. 
Trochus  cinerarius. 
Littorina  littorea. 
Littorina  rudis. 
littorina  littoralis. 
Turritella  communis. 
Aporrhais  pes  pelican!. 
Natica  nitida. 
Natica  monilifera. 
Murex  erinaoeus. 
Purpura  lapillus. 
Nassa  reticulata. 
Nassa  inorasaata. 
Buocinum  imdatum. 
FusuB  gracilis. 
Fusus^antiquus. 
Trophon  clathratum. 
Mangelia  turricula. 
Mangelia  rufa. 
Mangelia  nebula. 
Cypnea  Europcea. 


Total,  50  species. 

Mr.  Darbishire  compared  this  list  with  those  of  the  Moel 
Tryfaen  drift  (Caernarvon),  and  the  Kelsey  Hill  (Hull) 
fossils^  and  with  several  lists  of  recent  faunas  of  the  British 
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Eastern  and  Western  seas,  and  of  seas  North  and  South  of 
the  British  Isles. 

The  present  list  was  specially  remarkable  for  including 
Cyiherea  chioney  Cardium  msticumy  Cardium  acuieatum  (1)^ 
and  Area  lactea  ;  all  of  them  shells  reaching  their  highest 
northern  range  in  the'  extreme  south  or  west  of  England 
and  Ireland,  a  drcuBistanee  bdieved  to  be  new  to  the  histt»ry 
of  the  so-called  "  Drift.*' 

The  Macclesfield  list  rendered  probable  the  deposit  of  those 
beds  from  the  westward,  after  the  period  had  commenced 
during  which  the  physical  conditions  of  the  Western  Sea  have 
differed  as  they  now  do  ffom  those  of  the  Eastern. 

A  depression  of  600  feelt  would  leave  only  a  few  islands 
where  Ireland  is,  would  allow  of  a  great  extension  of  the  tidal 
current  now  narrowed  in  St.  George*s  Channel,  and  would 
probably  carry  the  warmer  influences  which  are  now  checked 
on  the  West  of  Ireland  to  the  shores  of  the  Derbyshire  hills. 
Are  there  any  traces  of  the  sea  bottom  or  shores  on  which 
the  shells  of  the  drift  seas  lived? 

Mr.  Darbishire  further  mentioned  his  identification  in  a 
bed  of  gravel  discovered  by  Mr.  Prestwich,  F.G.S.,  at  about 
1,200  feet  above  the  sea,  on  the  east  side  of  Macclesfield,  of 
nine  species  of  shells,  including  Cyiherea  chiane, 

Mr.  BiNNBY,  F.G.S.,  remarked  on  the  extent  of  the  list, 
the  great  distance  eastward  from  the  present  shores  of  the 
deposit,  the  elevation  of  Mr.  Prestwich's  patch,  and  the 
peculiarly  temperate  aspect  of  the  group  of  shells.  This  drift 
could  not  be  called  '^  arctic.''  He  also  referred  to  the  diffi* 
culty  of  recognising  distinct  ^^  upper"  and  "  lower"  boulder 
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clays ;  and  illustrated  the  partial  removal  of  the  drift  gravels 
and  the  underlying  till  over  a  large  tract  of  western  country 
during  its  elevation,  and  the  re-distribution  of  portions  of  the 
same  beds  as  eroded  by  water  courses  after  the  land  had 
risen  above  the  sea. 

Dr.  Alcook  had  examined  the  fossils  produced,  and 
especially  the  southern  forms,  and  confirmed  the  identification 
of  species. 
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Ordinary  Meetings  December  13th^  1864. 

R.  Akgus  Smith,  Ph.D.,  F.R.S.,  President,  in  the  Chair. 

.    Mr.  Edward  Sonstadt  was  elected  an  Ordinary  Member  of  . 
the  Society. 

Mr.  BiNNEY,  F.R.S.,  exhibited  some  spores  of  plants 
found  in  the  splint  coal  of  Methill,  Fifeshire.  He  said  that 
many  years  ago  he  read  a  paper  on  some  similar  fossils  before 
the  Geological  Society  of  London,  and  it  was  printed  in  the 
Journal  of  the  Society  for  May,  1849.  Those  specimens  were 
from  a  nodule  found  in  the  King  Coal  seam  at  Wigan. 
They  also  were  met  with  in  the  Wigan  Four  Feet  Coal  in 
greater  abundance.  Since  that  time  Professor  Balfour,  F.R.S. 
of  Edinburgh,  had  described,  in  a  paper  printed  in  vol.  xx  of 
the  Transactions  of  the  Royal  Society  of  Edinburgh,  some 
similar  fossils  from  the  Fordel  splint  coal.  The  specimens 
exhibited*  were  small  lenticular  bodies  of  a  chestnut  colour, 
about  a  line  in  diameter.  They  occurred  in  countless  num- 
bers, indeed  forming  a  very  considerable  portion  of  the  seam 
of  coal  itself.  He  stated  that  he  had  found  them  in  equal 
abundance  in  the  Eight  Feet,  Main,  Wood,  and  Pimie  Well 
seams,  but  always  in  the  splint  or  bone  part  of  the  coal.  Dr. 
Hooker  had  proved  that  similar  spores  belonged  to  the 
Lepidodendron.  The  thick  coating  of  the  spore  has  doubtless 
afforded  some  protection  to  it  as  well  as  the  peculiar  process 
of  bituminisation  to  which  splint^  coal  has  been  subjected, 
and  different  from  that  which  soft  or  cherry  coal  has  under- 
gone. He  said  that  when  we  considered  the  great  abimdance 
of  these  small  fossib  in  all  splint  coals,  and  the  immense 
PiocnDiNet  loT.  &  PmL.  Socnrr.— Vol.  IV.— J^o.  6.— Sbssion  1864-5^ 
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number  of  the  roots  of  SigiUaria  found  in  the  floors  of  such 
seams  of  cbal,  it  was  almost  certain  that  they  had  some  con- 
nection with  that  plant.  This  tended  to  confirm  M.  Adolphe 
Brongniart's  opinion^  expressed  many  years  ago,  that  Sigil- 
laria  and  Lepidodendron  were  plants  very  nearly  allied  to  each 
other.  Mr.  Binney  also  exhibited  some  larger  spores  in  a 
nodule  of  clay  ironstone  given  to  him  by  Mr.  Ward,  of  Long- 
ton,  and  found  in  the  Derbyshire  coal  field.  These  were  in  a 
most  beautiful  state  of  preservation,  and  exhibited  the  tesse- 
lated  character  of  the  outside  of  the  spore. 

A  paper  was  read  by  Mr.  William  Brockbaxk,  ^'On  the 
Discovery  of  the  Bones  of  the  Mammoth  (Elephas  primi- 
g^us)  in  a  Fissure  of  the  Carboniferous  Limestone  at 
Waterhouses,  near  Leek." 

A  considerable  number  of  bones  were  found  at  Water- 
houses  some  weeks  since,  but  through  ignorance  of  their  real 
character  they  became  dispersed  without  attracting  attention, 
a  good  many  having  been  used  to  manure  the  land  by  a 
neighbouring  farmer. 

A  few  of  these  bones  reached  the  author  through  Mr. 
Smith,  of  Cheddleton  Mills,  and  were  at  once  identified  as 
belonging  to  the  skeleton  of  an  elephant.  A  further  seaiob 
was  determined  upon,  and  the  author,  accompanied  by  Messrs. 
Thomas  Wardle  of  Leek,  and  J.  Walsh  and  W.  Smith  of 
Manchester,  visited  Waterhouses  on  the  9th  instant,  and 
succeeded  in  finding  a  large  number  of  bones. 

Mr.  Wardle,  and  Mr.  Green  of  the  Greological  Survey, 
again  visited  the  place  on  the  12th  instant,  and  found  very 
decided  fragments  of  teeth.  A  further  search  is  being  made 
at  the  present  time. 

A  large  number  of  Ixmes  were  sulmutled  to  the  Society,  all 
of  whidi  were  considered  to  be  those  of  the  Elephas  primi- 
genius,  amongst  which  weve  one  humerus  nearly  complete, 
andptrtof  theaeciKd;  parts  of  the  pelvis  and  scapula;  me 
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ulna;  several  carpal  and  metacarpal  bones;  the  head  of  the 
tibia ;  several  fragments  of  tusks  and  two  fine  fragments  of 
teeth,  showing  very  clearly  the  peculiar  narrow  transverse 
plates  and  ridges  of  the  dentine  and  enamel,  by  which  the 
teeth  of  this  elephant  are  distinguished. 

The  fissure  in  which  these  bones  were  found  occurs  in  the 
upper  beds  of  the  carboniferous  limestone,  and  has  been  ex- 
posed by  the  workings  of  a  quarry.  The  limestone  strata  at 
Waterhouses  are  much  dislocated,  and  fissures  frequent,  die 


OSSEOUS  FI8SUBE  AT  WATEBHOUSBS. 

river  Hamps  disappearing  in  dry  weather  through  fissures 
very  n^r  to  the  above  quarry,  and  other  streams  in  the 
imnwdiate  neighbourhood  were  described  as  sinking  in  the 
same  manner.  The  face  of  the  limestone  in  the  quarry  is 
rly  parallel  to  the  general  direction  of  the  valley,  or  nearly 
and  west,  and^  the  fissure  folbws  liie  dip  and  direotionQf 
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the  strata,  being  nearly  vertical,  or  inclining  about  10"*  to  the 
north.  It  is  about  sbi  feet  in  width  from  face  to  face  of  the 
solid  rock,  and  is  filled  up  with  angular  fclocks  of  limestone, 
cemented  together  at  the  sides  of  the  fissure  into  a  solid 
breccia,  the  stones  being  coated  with  stalagmite,  whilst  the 
centre  is  filled  in  with  angular  rubble  and  damp  ochreous 
clay.    Tlie  whole  had  evidently  been  filled  in  from  above. 

The  bones  were  recovered  in  good  condition  from  the 
breccia  on  the  dryer  side  of  the  fissure,  but  those  occurring 
amongst  the  damp  clay  and  rubble  were  so  friable  that  it  was 
quite  impossible  to  save  them.  Large  numbers  af  ivory 
flakes  were  found,  which  proved  to  be  the  remains  of  the 
teeth,  and  one  large  fragment  of  tooth  was  obtained  which 
was  decomposing  into  these  flakes. 

At  the  furthest  point  reached,  a  very  interesting  group  of 
bones  was  discovered,  viz.,  a  humerus  in  the  socket  of  the 
scapula,  with  the  head  of  another  humerus  resting  upon  it  at 
the  other  end,  and  two  cervical  vertebrae  were  found  near  the 
scapula.  These  were  the  only  bones  found  ih  their  relative 
positions. 

It  was  conjectured  that  the  mammoth  had  fallen  into  the 
narrow  fissure  before  it  was  filled  in,  its  huge  bulk  preventing 
its  reaching  the  bottom,  so  that  it  remained  jammed  in  until 
by  natural  decay  it  fell  to  the  bottom,  bit  by  bit.  By  this 
supposition  the  absence  of  the  head  was  accounted  for,  as  it 
would  probably  fall  off  first,  and  would  roll  lower  down  the 
chasm.  This  surmise  is  confirmed  by  the  fact  that  Mr. 
Waidle  found  several  fragments  of  the  teeth  on  his  second 
visit,  fifteen  or  twenty  feet  below  the  point  where  the  bones 
occurred. 

The  author  had  not  been  able  to  find  any  record  of  the 
occurrence  of  the  remains  of  the  mammoth  in  any  work  on 
the  geology  of  Derbyshire  or  Staffordshire;  and  Mr.  Wardle, 
who  has  recently  published  aninteresting  accountof  the  geology 
of  the  neighbourhood  of  Leek,  believed  it  to  be  an  entirely 
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new  discoTery.  A  considerable  part  of  the  fissure  remains  to 
be  explored^  and  a  further  search  is  being  prosecuted  by  Mr. 
Wardle  and  the  author. 

Dr.  Whitb  considered  it  probable  that  among  the  bones 
exhibited  there  were  the  remains  of  more  than  one  animal. 

Mr.  BiNNET  said  that  Mr.  Brockbank  was  mistaken  in 
supposing  that  no  remains  of  the  elephant  had  hitherto  been 
found  in  Derbyshire.  They  had  been  met  with  in  two  locali- 
ties in  the  county  of  Derby  and  one  in  the  county  of  Chester. 
The  late  Mr.  White  Watson,  at  page  58  of  his  **  Delineation 
of  the  Strata  of  Derbyshire/'  says :  —  ^'  About  the  year  1663 
a  large  cavern  was  discovered  in  sinking  for  lead  ore  upon  a 
hill  at  Balleye,  within  two  miles  of  Wirksworth ;  in  which  a 
large  skeleton  was  found,  which  in  the  original  account  of  its 
discovery  is  said  to  be  '  that  of  a  man^  that  his  brain  pan 
would  have  held  two  bushels  of  corn,  and  that  it  ^as  so  big 
they  could  not  get  it  out  of  the  mine  without  breaking  it.* 
Several  of  its  teeth  were  distributed  in  the  neighbourhood, 
one  of  which,  with  the  author's  account  of  the  discovery,  is  in 
the  writer's  possession.  The  tooth  is  ivory,  and  when  com- 
pared with  the  denies  molares  of  an  elephant,  no  difference 
can  be  found ;  from  this  circumstance  it  is  evident  that  the 
skeleton  found  could  not  have  been  that  of  a  man  or  giant,  so 
called  by  the  miners,  who  are  ever  prone  to  the  marvellous, 
but  must  be  indisputably  that  of  an  elephant,  and  its  capa- 
cious brain  pan  a  corresponding  proof;  for  after  the  miners 
had  conferred  on  it  the  appellation  of  the  giant's  tooth,  the 
brain  pan  must  naturally  follow  the  proportions  of  its  bulky 
owner.  The  fangs,  though  perfect  at  the  time  of  the  disco- 
very, are  now  broken,  and  no  change  appears  to  have  taken 
place  from  its  original  substance.  Several  of  these  teeth  were 
brought  out,  but  the  skeleton  left  behind,  which,  it  is  to  be 
lamented,  cannot  now  be  viewed,  that  part  of  the  mine 
having  run  in,  rendering  it  impracticable  without  much 
trouble  and  expense."    About  twenty-five  years  since  the  late 
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Mr.  James  Meadows,  of  the  Ashton  Canal  Company,  pre- 
sented to  the  Manchester  Geological  Society  a  portion  of  the 
tusk  of  an  elephant  which  he  had  found  in  a  limestone  fissure 
at  Doveholes,  near  Chi^l-en-le*Frith.  This  specimen  is 
now  in  the  museum  of  the  Society  in  Peter-street.  The  late 
Mr.  F.  Looney,  F.G.S.,  in  his  List  of  Organic  Remains,  pub- 
lished with  Mr.  EUas  Hall's  Geological  Map,  in  1836,  in 
alluding  to  the  fossils  found  in  the  '^  superficial  gravel,''  says : 
''  Part  of  a  molar  tooth  of  the  Asiatic  elephant  was  found  at 
Adlington,  near  Macclesfield,  and  is  now  in  the  possession  of 
William  Clayton,  Esq."  With  these  three  exceptions  he 
had  never  heard  of  the  remains  of  the  elephant  having  been 
met  with  in  the  counties  of  Derby  and  Chester,  and  he  Mt 
much  obliged  to  Mr.  Brockbank  for  taking  the  trouble  to  col- 
lect the  fine  series  of  remains  on  the  table,  and  exhibit  them 
to  the  members  of  the  Society. 
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MIOEOSOOPIOAL  SECTION. 

November  2l8t,  1864. 

Joseph  Sidbbotham^  Esq.^  President  of  the  Section,  in 
the  Chair. 

Mr.  Watson  exhibited  and  presented  to  the  Section  a 
dozen  slides  showing  the  battledore  scales  of  several  species  of 
Polyommatus  or  Lycsena ;  he  also  illustrated  the  subject  by 
drawings  of  the  scales  made  by  Mr.  Sidebothanu  He  showed 
that  the  scale  of  Baticus  has  manifestly  no  relation  to  the 
others,  though  this  insect  is  placed  at  the  head  of  the  lic^ 
of  the  genus  Polyommatus  by  Boisdudal,  H.  Schaeffer,  Dr. 
O.  Standinger,  and  W.  F.  Kirby.  Many  lepidopterists  have 
thought  that  it  is  a  Thecla,  and  he  proposed  to  examine 
various  species  of  the  genus  Thecla  and  to  report  the  result 

A  letter  from  Captain  Mitchell,  of  Madras,  was  read. 
He  stated  that  he  had  examined  fresh  but  full  grown  cotton 
treated  with  Mr.  O'NeilFs  strong  and  weak  solutions  of  cop- 
per, and  had  failed  to  detect  any  spiral  fibres.  He  communi- 
cated some  observations  on  a  Lepidopterous  larva,  probably 
that  described  by  Mr.  Saunders  in  vol.  iii.  of  the  Transactions 
of  the  Entomological  Society,  which  attacks  the  cotton  pod. 
Wherever  it  was  found,  the  cotton  was  entirely  destroyed. 

The  Sscrbtart  read  Mr.  Edwards's  directions  for  collect- 
ing Diatomacese. 
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Noveviber  28th,  1864. 

Joseph  Sidebotham,  Esq.,  President  of  the  Section, 
in  the  Chair. 

Specimem  Exhibited. 

Physeomitrium  sphoericum,  by  Mr.  G.  E.  Hunt,  found 
sparingly  in  three  places  on  the  borders  of  Mere  Mere,  this 
being  only  the  second  occasion  on  which  it  has  been  gathered 
in  Britain.  The  first  was  thirty  years  ago,  when  it  was 
detected  in  the  same  place  by  Mr.  Wilson  in  the  autumn  of 
1884. 

Four  species  of  Curculionidae,  new  to  Britain,'  by  the 
President,  as  exhibited  and  examined  at  the  Entomological 
Society,  London;  Lixus  filiformis  and  Sibynes  canus, 
Devizes;  Ceuthorhynchidius  poweri,  Silverdale;  and  Peri- 
telus  griseus,  Ventnor,  Isle  of  Wight.  Three  of  the  species 
were  captured  by  himself.     [See  Zoologist,  December,  1864.] 

A  martin,  entirely  white,  from  Urmstone,  by  Mr.  Linton. 

Communications. 

Mr.  G.  E.  Hunt  announced  his  discovery  of  Potamogeton 
nitens  in  Loch  Ascog,  Rothsay.  This  plant  was  first  ob- 
served as  British  by  Mr.  David  Moore,  Dublin,  in  a  lake  near 
the  sea,  at  Castle  Gregory,  county  of  Kerry,  in  July  last, 
[See  Seeman^s  Journal  of  Botany ^  November,  1864.] 

Thomas  Alcoce,  M.D.,  read  a  paper  on  specimens  from 
Roundstone,  Connemara.  He  exhibited  many  specimens, 
including  forty-three  species  of  Foraminifera,  two  of  which 
were  forms  of  Entosolenia,  hitherto  undescribed ;  also,  young 
shells  of  Patella  vulgata  and  P.  pellucida,  with  the  larval 
shells  still  attached  and  distinctly  spiral,  evidence  not  before 
recorded. 


53 


PHYSICAL  AND  MATHEMATICAL  SECTION. 
November  10th,  1864. 

Joseph  Baxbndsll,  F.BA.S.,  President  of  the  Section, 
in  the  Chair. 

Professor  Clifton  exhibited  an  acoustical  electric  telegraph, 
by  which  a  note,  sounded  at  one  end  of  the  line,  is  reproduced 
at  the  other  end. 

He  also  pointed  out  the  principles  involved  in  the  con- 
struction of  this  telegraph,  viz. : — 

1st,  The  production  of  a  sound  whenever  a  current  of  suffi- 
cient strength  commences  to  circulate  round  an  electro  magnet, 
or  ceases  so  to  circulate. 

Snd,  The  vibration  of  a  stretched  membrane  in  accordance 
with  a  note  sounded  near  it. 

With  respect  to  the  second  principle.  Professor  Clifton  drew 
attention  to  the  fact,  that  the  researches  of  MM.  Bourget  and 
Bernard,  in  agreement  with  the  mathematical  investigations 
of  Poisson  and  M*  Lam^,  show  that  a  given  square  membrane 
vnll  not  vibrate  in  accord  with  any  note,  as  stated  by  Savart. 
As  the  same  is  probably  true  of  circular  membranes,  such  as 
that  used  in  this  telegraph,  it  follows  that  only  certain  notes 
are  capable  of  being  transmitted  by  one  instrument. 


December  8  th. 

RoBRRT  WoBTHiNGTOS,  F.R.A.S.,  Vice-PresideTit  of  the 
Section^  in  the  Chair. 

Mr.  Baxendell  read  a  "  Note  on  the  Period  and  Changes 
of  the  Greenwich  Variable  in  Vulpecula,  No.  177S  of  the 
Twelve- Year  Catalogue." 

In  No.  1500  of  the  Asironomische  Nachrtchten,  Dr.  Schon- 
feld.  Director  of  the  Observatory  at  Mannheim,  expresses  a 
doubt  as  to  the  variability  of  several  of  the  stars  in  Mr.  Cham- 
bers's Catalc^e  of  Variable  Stars.  One  of  the  objects  which 
he  thus  points  out  as  doubtful  is  No.  1773  of  the  Greenwich 
Twelve- Year  Catalogue,  which  was  entered  in  Mr.  Chambers's 
list  on  my  authority,  as  I  had  satisfied  myself  from  occasional 
observations  made  since  1861,  that  its  light  was  subject  to 
periodical  changes,  though  not  to  the  extent  indicated  by  the 
observations  of  Messrs.  Eogerson  and  Glaisher,  made  in  1837. 
I  have  since  reduced  my  observations,  and  have  obtained 
from  them  the  following  times  of  maximum  and  minimum 
brightness: — 

Maiinoa.  Minima. 

1862,  Oct.  20.  1862,  Nov.  24. 

1863,  Sep.  12.  186S,  Oct.  25. 

„     Nov  19.  „     Dec.  25.     • 

1864,  June  15.  1864,  May  IS. 
„  Aug.  21.  „  July  21. 
„     Nov.  8.  „     Oct.  7. 

Treating  the  equations  formed  from  these  data  by  the 
method  of  least  squares,  we  have,  from  the  observed  maxima, 
Period=67-97  days. 
Epoch= 1864,  Feb.  1-37. 
And  from  the  ohserved  minima, — 
Period=67-88  days. 
Epoch=l864,  Januaiy  1*59. 
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The  mean  of  the  two  values  of  the  period  is  67*92  days.  The 
inleryal^fTomminiinain  to  maximum  brightness,  is  30*8  days, 
and  from  maximum  to  minimum  37*1  days.  This  variable, 
therefore,  like  many  others,  increases  in  brightness  moie 
rapidly  than  it  diminishes.  Its  magnitude  at  maximum  i$ 
8'8  and  at  minimum  9*8,  Uie  range  of  variation  being,  there- 
fore, one  magnitude.  It  is  one  of  the  highly-coloured  stanif^ 
both  Mr.  Hind  and  myself  having  always  noted  it  as  being 
very  red. 

Mr.  Baxi^ndrix  also  comniunicated  the  following  ''  Obser- 
vations of  the  Greenwich  Variable  in  Vulpecula  and  its 
Companion  Stars.  By  Gkorge  Knott,  Esq.,  F'.R.A.S..  of 
Woodcroft  Observatory,  Cuckfield,  Sussex." 

1864,  Nov.  6. — I  have  this  evening  examined  the  Green- 
wich Variable  in  Vulpecula  and  its  neighbours.  The  state  of 
the  atmosphere  was  not  by  any  means  favourable,  and  I  could 
not  make  out  c;  but  a,  4,  and  d  were  well  in  view,  and  b 
decidedly  the  greatest  of  the  three.  I  inclined  to  estimate  b 
about  12J  magnitude ;  and  by  the  method  of  reduced  aper- 
tures I  found  • 

a=rl2-8  mag.        cfc=13*0  mag. 
4=12-6    „  1773=  91     „ 

The  star  1773  is  the  Greenwich  variable ;  and  d  is  the  new 
star  announced  by  Mr.  Baxendell  in  his  communication  in 
the  Society's  Proceedings,  No.  J^,  Session  1864-5. 

Nov.  22. — I  secured  a  hasty,  and  therefore  comparatively 
valueless  observation.  After  a  hasty  glance  clouds  came  up, 
and  I  could  not  gauge  the  magnitudes  as  I  was  preparing  to 
do.     My  rough  results  were — 

a=13*0  mag.  c,  invisible. 

J=  1 2-9  mag.  rf=  1 3*2  mag. 

Nov.  2P. — On  this  evening  I  entered  in  my  journal — 
"  4,  12*9  ;  a,  13-0  ;  (/,  13-2.     Is  there  a  minute  speck  at  c?" 
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Dec.  1. — This  evening  it  is  very  clear,  and  I  not  only  see 
most  clearly  a  small  star  in  the  place  indi- 
cated, but  also  that  the  star  h  has  a  small 
and  pretty  close  comes  !  In  the  annexed 
diagram  e  and/ are  the  new  stars.  I  am 
not  sure  of  their  exact  position,  but  have 
no  doubt  of  their  existence.  The  follow- 
ing are  my  rough  estimations  of  magni- 
tude:—a,  12-9;  ft,  12-8;  c,  14±  ;  d,  13-1;  e,  I3'7  (?); 
fy  about=e. 

The  above  observations  were  made  with  an  equatorially 
mounted  achromatic  of  7i  inches  aperture,  constructed  by 
Mr.  Alvan  Clarke,  of  Boston,  U.S. 
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Ordinary  Meeting,  December  27th,  1864. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  Vice-President,  in  the 
Chair. 

Mr.  John  Robinson  and  Mr.  Joseph  Spencer  were  elected 
Ordinary  Members  of  the  Society. 

The  bones  of  an  adult  gorilla  from  the  Museum  of  the 
Natural  History  Society  were  exhibited,  and  some  remarks 
on  them  were  made  by  Edward  Lund,  Esq,,  F.K.C.S.  JEx^ 
his  object  being  to  point  out  the  characteristics  of  the  gorilla 
skeleton  by  a  direct  comparison  with  the  bones  in  man. 

He  said  that  when  the  bones  of  this  gorilla  were  shown  ta 
him  at  the  Museum,  the  first  he  took  up  happened  to  be  the 
highest  bone  of  the  neck,  the  atlas,  and  he  was  much  struck 
by  its  close  resemblance  to  the  same  bone  in  man ;  it  was 
however  larger,  while  the  hole  in  the  transverse  process  for 
the  passage  of  the  vertebral  artery  was  very  much  smaller, 
indicating  a  less  supply  of  blood  to  the  brain.  With  regard 
to  the  age  of  the  specimen,  he  had  no  doubt  that  the  skeleton 
was  that  of  an  adult,  for  all  the  bones  were  thoroughly  ossi- 
fied and  the  teeth  were  much  worn  down  and  filled  by  & 
secondary  deposit  of  cementum.  As  to  sex,  he  could  not 
speak  positively,  for  he  did  not  know  how  far  the  differences 
in  the  pelvis  observable  in  the  human  subject  would  hold 
good  in  the  gorilla,  but  he  pointed  out  the  angular  shape  of 
the  pelvic  arch«  which  would  lead  to  the  supposition  that  the 
animal  was  a  male. 

He  said  he  would  now  take  the  bones  in  detail,  grouping 
them  as  the  head,  the  trunk,  and  the  limbs,  and  would  indi- 
4»te  their  peculiarities  by  showing  how  they  differ  from  the^ 
Pbooibdihos  Lrr.  &  Phiii.  Soodett.'— Tol.  IY.— No.  7.— Ssssioir  1864-6. 
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«ame  human  bones  whether  by  deficiency  or  excess  of  parts. 
The  skull  would  attract  attention  at  once  by  its  very  peculiar 
shape,  which  all  seemed  to  agree  in  calling  helmet-shaped ; 
if  however  the  prominent  ridges  which  give  it  this  appear- 
ance were  left  out  of  consideration^  it  would  be  found  to  be 
well  formed  and  fitted  to  receive  a  well-developed  brain. 
The  front  was  indeed  singular;  for  the  orbits,  instead  of 
being  excavated  as  it  were  out  of  the  regular  dome  of  the 
skull  as  in  man^  were  outstanding,  and  that  to  such  a  degree 
that  a  perpendicular  section  which  would  remove  them 
entire  would  scarcely  lay  open  the  cavity  of  the  skull.  It 
would  be  seen  however  that  they  formed  perfect  chambers^ 
weH  walled  in  on  all  sides,  showing  that  great  care  had 
been  taken  to  protect  the  organs  of  sight.  He  pointed  out 
the  great  depth  and  extent  of  the  temporal  fossae,  and 
remarked  that  they  had  something  of  the  character  observable 
in  the  Felinae,  the  temporal  muscles  were  very  large  and 
were  so  much  expanded  over  the  sides  of  the  skull  that  they 
went  completely  up  to  the  middle  line.  These  large  tem- 
^ral  muscles,  which  close  the  jaws  with  a  powerful  snapping 
action,  had  to  do,  he  said,  with  the  very  strong  and  large 
•canine  teeth,  which  would  be  capable  of  exerting  great  force 
in  tearing  anything  on  which  the  animal  might  feed.  The 
number  of  teeth  was  the  same  as  in  man,  and  they  were  of 
ib.e  same  kinds,  namely,  in  each  jaw  four  incisors,  two 
•canines,  four  premolars,  and  six  molars.  The  characters  of 
the  nasal  fossae  indicated  a  moderate,  not  an  acute  sense  of 
smell.  In  the  foramen  magnum  he  observed  this  difference, 
that  while  in  man  it  is  oval,  in  the  gorilla  it  was  almost 
circmlar  or  squarish.  The  base  of  the  skull  was  convex  as 
in  man,  corresponding  with  a  concave  internal  surface  upon 
which  the  brain  would  rest.  The  mastoid  processes,  which 
^^hrenologbts  considered  to  indicate  destructiveness,  but 
which  are  really  a  part  of  the  organ  of  hearing,  were  not 
quite  80  wefl  developed  as  in  man.      In  the  present  case  one 
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of  thj^m  happened  to  be  broken  so  as  to  expose  the  interior^ 
and^  if  we  might  form  the  same  conclusions  from  it  as  we 
should  in  the  human  subject,  its  condition  would  strengthen 
the  opinion  that  the  animal  was  of  mature  age,  for  in  early 
life  these  processes  consist  of  solid  bone,  but  as  age  advances 
are  gradually  excavated  into  larger  and  larger  ceUs,  and  in 
the  specimen  exhibited  these  cells  were  very  large.  The 
lower  jaw  was  remarkably  large  and  strong,  and  the  ramus 
formed  a  right  angle  with  the  body  of  the  bone  as  it  does  in 
middle  life  in  man.  There  was  one  peculiarity  which  he 
had  observed  in  the  condyle^  namely,  that  the  smooth  articu- 
lating surface  extended  very  far  roimd  the  back  of  it,  indi- 
cating that  the  mouth  could  be  opened  to  a  great  extent, 
and  this,  tc^ether  with  the  formidable  teeth,  would  no  doubt 
give  the  animal,  to  say  the  least  of  it,  an  alarming  appearance 
if  suddenly  encountered  in  its  native  wilds. 

The  bones  of  the  neck  were^  as  usual  in  the  mammalia,  seven 
in  number ;  they  were  very  well  joined  together,  the  upper 
surface  of  their  bodies  being  concave  from  side  to  side  to 
receive  the  convex  lower  surface  of  each  one  above.  They 
had  well  marked  additional  processes  or  rudimentary  ribs, 
but  the  most  remarkable  feature  was  the  great  length  and 
strength  of  the  spinous  processes,  which  would  give  advanta- 
geous attachment  to  very  powerful  muscles  capable  of  exert- 
ing immense  force  in  twisting  the  head  from  side  to  side  as  in 
the  action  of  tearing  anything  with  the  teeth.  The  general 
appearance  of  the  dorsal  and  lumbar  vertebra  agreed  with 
the  human  bones;  the  ribs  were  twenty-six  in  number 
instead  of  twenty-fbur,  and  as  several  of  them  remained  in 
their  natural  position^  connecting  the  sternum  with  the 
spine^  it  could  be  seen  that  the  sternum,  instead  of  having  a 
nearly  vertical  position  as  in  man,  was  very  oblique^  the 
bwer  part  projecting  forward  and  showing  a  great  capacity 
of  chest.  The  sacrum  was  unlike  the  human  sacrum,  being 
much  longer  and  narrower.    The  haunch  bones  were  also 
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long  in  the  direction  of  the  length  of  the  body^  and  were 
but  slightly  roughened  for  muscular  attachment^  a  proof  that 
the  gluteal  muscles  were  not  much  developed.  The  tuberosi- 
ties of  the  ischia^  however^  were  very  strongly  marked^  indi- 
cating that  the  animal  is  well  qualified  for  the  sitting 
posture. 

The  upper  extremities  were  very  largely  developed  in  pro- 
portion to  the  lower ;  in  this  specimen  the  length  between 
the  tips  of  the  fingers  of  the  outstretched  arms  is  said  to  have 
measured  eight  feet,  llie  shoulder  blade  had  a  peculiarity 
which  anatomists  formerly  thought  characteristic  of  man, 
namely^  that  the  vertebral  border  was  the  longest.  The 
arm  bone  looked  immensely  large  when  placed  beside  that  of 
man ;  the  roughnesses  near  the  upper  part^  for  the  attach- 
ment of  muscles  going  to  the  chest  and  back,  indicated  that 
these  muscles  were  of  extraordinary  power,  and  when  acting 
together  would  enable  the  creature  to  hug  an  enemy  with 
terrible  effect.  The  articulating  surface  at  the  lower  end  of 
this  bone  was  oblique  as  in  man,  so  that  the  bending  of  the 
elbow  carried  the  hand  not  to  the  shoulder,  as  it  would  if  the 
hinge-joint  was  directly  transverse,  but  inwards  to  the  mouth, 
furnishing:  a  curious  little  illustration  of  the  prehensile 
character  of  the  upper  extremity,  and  its  essential  use  as  an 
organ  for  obtaining  food.  The  deep  hollows  at  the  front 
and  back  of  the  bone  for  the  reception  of  projections  of  the 
ulna  when  the  elbow  is  completely  flexed  or  extended,  were 
in  the  gorilla  joined  so  as  to  become  a  hole,  and  thus  g&ve 
even  a  greater  extent  of  motion  to  this  joint  than  in  man. 
The  bones  of  the  forearm  were  very  large,  and  a  peculiarity 
in  them  worth  noticing  was  that  they  were  curved,  giving 
them  great  power  of  resisting  fracture  by  allowing  a  slight 
spring  of  the  bones  when  subjected  to  a  direct  shock,  and 
also  adding  immensely  to  the  strength  of  the  wrist  in  prona- 
tion and  supination,  by  increasing  the  distance  between  the 
bones  and  therefore  allowing  of  a  greater  length  of  muscle 
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and  better  leverage.  (The  bones  of  the  hands  and  feet  were 
not  shown,  being  at  present  with  the  skin.)  The  femur  was 
shorter  than  the  humerus,  the  reverse  of  what  we  find  in 
man.  The  leg  bones  were  also  short,  and  the  lower  ex- 
tremities had  altogether  the  appearance  of  being  less  fully 
developed  than  the  upper.  The  fibula  was  considerably 
shorter  than  the  tibia^  while  in  man  the  two  bones  are 
as  nearly  as  possible  the  same  length.  The  lower  end  of 
these  bones  formed  a  very  imperfect  socket  for  the  ankle  joint 
compared  with  the  same  parts  in  man,  where  it  is  most  per- 
fectly adapted  for  sustaining  the  erect  position. 

As  to  the  habitual  attitude  of  the  gorilla  deduced  firom  an 
examination  of  the  bones^  the  characters  of  the  ankle  joint 
just  alluded  to  show  that  though  the  creature  might  stand 
erect  it  could  have  but  little  stability  in  that  position^  and 
progression  on  the  Iiind  legs  alone  would  be  difficult  and 
could  not  be  long  sustained.  Important  evidence  on  the 
same  point  was  also  furnished  by  the  character  of  the  lower 
part  of  the  vertebral  column  and  the  position  of  the  pelvic 
bones  with  regard  to  it,  for,  as  might  be  seen,  there  was  no 
deep  hollow  behind,. as  in  man,  for  the  attachment  of  the 
erector  spins  muscles,  the  sacrum  in  this  case  being  even 
placed  further  back  than  the  iliac  bones;  the  form  of  the  pelvis 
too,  and  its  direction  vnth  regard  to  that  of  the  backbone^ 
showed  that  it  was  fitted  for  the  support  of  the  contained 
viscera  in  the  horizontal  rather  than  in  the  erect  position ;  and 
all.  these  points  led  to  the  same  conclusion,  namely,  that  the 
gorilla  habitually  uses  the  front  as  well  as  the  hind  legs  in 
progression. 
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MIOBOSCOPICAL   SECTION. 

December  19th,  1864. 

J.  SiDEBOTHAM,  Esq.,  President  of  the  Section,  in  the  Chair. 

Exhibitions. 

The  skeleton  of  an  adult  gorilla,  by  Thomas  Alcock;  M.D. 
The  more  striking  peculiarities  of  the  gorilla  skeleton  were 
explained  by  comparison  with  the  human  bones,  by  Edward 
Lund,  Esq.,  F.R.C.S.  Ez. 

Specimens  of  comatula  rosacea,  from  the  Cove  of  Cork. — 
Tliomas  Alcock. 

A  jay,  with  the  beaks  crossed  and  very  much  overgrown. — 
A.  G.  Latham,  Esq. 

Mounted  foraminifera,  from  Dogs  Bay,  coast  of  <Jalway. — 
Thomas  Alcock. 

Communicatians. 

Mr.  Latham  gave  the  result  of  his  examination  of  a  shell 
of  Helix  nemoralis  brought  by  Mr.  Glover,  from  the  shore 
of  Gorteen  Bay,  Connemara.  The  weight  of  the  shell  was 
56  grains,  while  that  of  an  ordinary  specimen  was  found  to 
be  only  16  grains.  By  drying  it  lost  a  grain  of  weight,  and 
by  calcination,  two  grains.  It  was  then  powdered  and 
washed  with  a  loss  of  one  grain  of  soluble  salts,  the  whol^ 
loss  of  weight  being  4  grains.  The  residue  was  perfectly 
soluble  in  muriatic  acid.  Mr.  Parry  showed  a  section  of  a 
shell  of  Helix  aspersa,  brought  by  Mr.  Glover  from  the  same 
locality;  before  cutting,  it  weighed  126  grains,  and  the 
section  exhibited  very  clearly  its  unusual  thickness  and 
solidity. 
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Mr.  W.  H.  Hbys  read  a  communication  on  the  structure 
of  cotton.     He  said  the  twisted  appearance  so  often  alluded 
to  is  caused  simply  by  the  collapse  of  the  cell-walls  in 
dryings  and  is  not  an  actual  twisting.    Captain  Mitchell's 
experiment  with  the*  ammoniacal  oxide  of  copper  was  not 
conducted  in  the  manner  necessary  for  showing  the  spiral 
threads  which  have  been  observed  within  the  outer  cell-walls^ 
for  in  his  lettef'read  at  the  last  meetrng,  he  speaks  of  having 
put  cotton  into  the  solution  four  months  ago^  examining  it 
at  intervals,  frequently  at  first,  and  then  daily  for  some  time, 
whereas  the  action  of  this  solvent  is  so  rapid  that  the 
microscope  requires  to  be  prepared  beforehand,  as  in  obser- 
vations on  crystallization,  and  it  is  sometimes  difficult  even 
then  to  follow  the  changes  which  take  place.    Mr.  Heys 
exhibited  the  action  of  the  solvent  under  the  microscope, 
and  also  showed  many  drawings  of  cotton  which  had  been 
similarly  treated.    He  said  that  if  a  single  fibre  of  the  cotton 
be  selected  and  watched  it  will  be  seen  first  to  become 
inflated,  not  uniformly,  but  with  many  constrictions,  giving 
it  the  appearance  of  an  irregular  string  of  beads.    After  a 
time  the  external  envelope  vnH  entirely  disappear,  leaving 
only  fragments  of  the  spiral  thread,  of  which  the  portions 
corresponding  with  the  constrictions  Will  be  seen  to  have  the 
form  of  rings.    Having  exhibited  these  appearances,  he  said 
he  would  leave  the  members  to  form  their  own  opinion  upon 
the  structure  of  cotton,  but  repeated  the  conclusion  he  had 
arrived  at,  that  it  is  composed  of  an  external  envelope  or 
tube,  within  this  a  spiral  thread,  preventing  its  collapse, 
and  a  pith-like  substafice'  in  the  centra. 

Mi.  NbtilL  showed  mounts  specimens,  and  handed  in  a 
list  of  4S  formA  of  Fora[minifera,  found  in  sand  fr6m  the  shord 
of  Oorteen  Bay,  Coiinemaiia*  Some  of  the  kinds,  he  said,  wei^ 
not  figured  in  Pressor"  Williamstrn's  Elecetat  Forattiitiifeta, 
and  among  these  he  partvralarif  kneiitieti^  «&tttf  ^f  Blffibliiitti 
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with  an  appendage  like  a  tail  at  the  end  opposite  the  septal 
orifice.  He  specially  called  attention  to  his  mode  of  mounting 
the  specimens  in  many  small  cells  upon  a  single  glass  slip, 
by  Trhich  much  room  is  saved^  and  other  advantages  are 
gained ;  in  those  shown,  ten  small  cells  were  punched  out  of 
an  oblong  piece  of  card,  in  two  rows  of  five  each,  and  the 
whole  covered  with  a  single  glass  He  remarked  on  the 
extraordinary  assemblage  of  species  found  in  this  Connemara 
sand,  which,  I^.  Dancer  suggested^  might  be  due  to  the 
infiuence  of  the  Gulf  Stream. 


PHOTO0EAPHIOAL     SECTION. 

Ordinary  Meeting,  Nov.  S,  1864. 

Professor  W.  C.  Williamson,    F.R.S.,    &c.  &c..    Vice- 
President  of  the  Section,  in  the  Chair. 

The  following  gentlemen  were  elected  associates,  viz. — 
Messrs.  William  Pegg,  T.  D.  Thorpe,  George  Wardley,  E.  G. 
Hughes,  William  Lockett,  Thos.  Heywood,  G:  W,  Mosley, 
F.  C.  Tobler,  A.  Lees,  and  W.  G.  Coote. 

In  the  absence  of  the  President,  the  Lord  Bishop  of  Man- 
chester, the  Chairman  delivered  an  inaugural  address,  in 
the  course  of  which  he  referred  to  the  three  aspects  in  which 
photography  naturally  presents  itself  to  our  notice — as  an 
amusement,  as  a  science,  and  as  an  art* 


65 

Mr.  A.  Brothers  exhibited  some  portraits  which  he  had 
taken  by  means  of  the  magnesium  light.  He  had  discarded 
the  use  of  all  reflectors ;  the  experiments  made  were  generally 
with  three  strands  of  wire,  two  flat  ones  bound  together  with 
a  round  one.  Mr.  Brothers  also  submitted  a  panoramic 
picture  taken  in  the  new  revolving  camera,  and  which  was 
perfectly  sharp  and  distinct  in  every  part. 

Mr.  Wardlbt  presented  to  the  Album  twelve  very  beautiful 
photographs  of  scenery  in  Cumberland,  Westmorland,  &c., 
taken  by  the  Taupenot  process. 

Some  photographs  printed  by  the  Wothly  type  process  were 
exhibited  and  much  admired. 

^  Mr.  Joseph  Sidebotham  then  read  his  Paper  ''On 
Printing  Transparencies  for  the  Stereoscope  and  Magic 
Lantern,^'  in  the  course  of  which  he  called  attention  to  the 
fact  that  we  were  indebted  to  Mr.  Dancer  for  inventing  the 
binocular  camera,  without  which  the  stereoscope  and  its 
attendant  pictures  would  not  have  been,  as  at  present,  found 
in  almost  every  home.  Mr.  Dancer's  idea,  that  the  pictures 
should  be  taken  only  at  a  distance  of  three  inches  apart,  was 
at  first  ridiculed;  now,  however,  that  distance  is  almost 
universally  adopted. 

Early  in  the  history  of  the.  stereoscope  the  French  transparent 
views,  on  albumen,  were  eagerly  purchased,  although  the 
price  was  very  high,  and  was  still  so. 

Mr.  Sidebotham  hoped  to  prove  that  glass  transparcmcies 
might  be  produced  at  a  cost  little  over  that  of  paper  prints. 
He  then  described  the  various  processes  at  present  in  use  for 
producing  them,  pointing  out  the  several  disadvantages  under 
which  each  process  laboured.  Copying  in  the  camera  has 
been  used,  and  is  still  used  by  many  with  various  combinations 
of  lenses — some  with  one,  some  with  a  pair  of  lenses ;  but. 
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as  far  as  Mr.  Sidebotham  has  notioed,  none  of;  the  cameras 
for  the  purpose  are  satisfactory  or  suited  for  the  wants  of 
amateurs. 

Mr.  Sidebothata  then  described  the  little  camera  which  he 
had  made  for  the  purpose,  and  which  seemed  to  answer  in 
every  way.  The  principal  is  to  have  the  negative  in  front, 
in  an  adapting  frame  to  slide  right  and  left ;  the  distance  is 
adjustable  by  two  screws;  the  frame  which  holds  the  plate 
also  slides  right  and  left^  and  stops  in  two  places  with  a  drop 
catch,  the  lens  (a  short  foqussed  double  steresocopic  one) 
being  in  the  middle.  The  camera  is  adjustable  with  screws 
for  focussing  or  for  enlarging  or  reducing  the  image.  The 
camera  is  then  tilted  towards  the  sky,  the  image  is  focussed, 
and  the  picture  taken  on  wet  collodion,  moving  the  negative 
plate  for  each  half  of  the  picture,  developing  with  iron,  and,  if 
requisite,  deepening  or  toning  with  proto-iodide  of  mercury. 
One  focussing  and  adjustment  of  the  screws  will  be  sufficient, 
and  any  number  of  negati vies  can  be  copied*  if  taken  with  the 
same  camera,  without  any  alteration.  The  negatives  require 
no  varnishing,  so  that  all  their  original  beauty  is  there  to  be 
copied,  and  it  is  copied  faithfully.  Prints  by  this  plan  may 
be  produced  as  fast  as  the  plates  can  be  prepared — ^much 
faster  than  on  paper  if  a  single  negative  be  used,  as  the 
exposure  varies  trom  five  to  thirty  seconds  for  each  side. 

Mr.  Sidebotham  stated  that  much  of  the  beauty  of  the 
pictures  he  exhibited  were  doubtless  due  to  the  quality  of  the 
negatives,  and  which  had  been  taken  by  Mr.  Buxton,  when 
in  India  last  year.  Mr.  Sidebotham  trusted  that  the  plan 
here  described  would  induce  amateurs  to  print  their  stereo- 
scopic pictures  on  glass  instead  of  paper,  and  professionals  to 
lower  the  price  of  those  they  place  in  the  market  for  sale. 
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PHOTO0BAPH1OAL     SBCTIOH. 

Ordinary  Meeting,  December  1st,  1864. 

Joseph  Bai&ehdbll,  F.B.AJS.,  in  the  Chair. 

Mr.  Samuel  Cottam  was  elected  an  Ordinary  Member, 

Mr.  ]1|^DD  pceseolied  four  lai^  and  very  beautiful  photo- 
graphs tQ  the  society's  p(»rtfblio^— ^wo  taken  in  Dunham 
Parky  and  two  in  North  Wales^  by  l3ie  colodio-idbiiaien 
process.  Theee  landscapes  were  remaritable  for  their  peculiar 
softneco  wbA  delicacy. 

Mr.  Pahry  calldd  attention  to  a  letter  in  ^  The  British 
Journal  of  Photography,*'  by  Mr.  Hislop,  claiming  the  in- 
yention  of  the  camera  exhibited  and  explained  by  Mr. 
Sidebotham  at  the  last  meeting.  He  also  produced  the 
Journal  in  which  was  the  drawing  and  description  on  which 
Mr.  Hislop  founded  his  claim.  After  an  examination  of 
these  it  was  unanimously  decided  by  the  members  present 
that  there  was  no  similarity  whatever  between  the  two 
'cameras,  and  that  a  drawing  ought  to  be  published  of  Mr. 
Sidebotham's  camera. 

Mr.  Nevill  exhibited  some  good  prints  produced  by 
making  paper  sensitive  with  a  solution  of  salts  of  nitrate  of 
uranium  and  nitrate  of  silver,  and  when  the  image  began  to 
appear,  developing  with  sulphate  of  iron ;  the  prints  were 
only  exposed  fifteen  seconds. 
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Mr.  SiDEBOTHAM  exhibited  several  specimena  taken  by 
himself,  by  the  Wothlytype  process^  on  different  kinds  of 
paper.  He  had  experienced  considerable  difficulty  in  finding 
paper  to  which  the  collodion  would  adhere  in  the  washing 
process.  Silver  prints  from  the  same  negatives  were  ex- 
hibited^ and  considered  superior  to  those  by  the  Wothlytype 
process. 

Mr.  Dancek  exhibited  on  the  screen^  by  the  aid  of  the 
oxy-hydrogen  lights  a  series  of  photographic  pictures  by 
members  and  others.  The  series  consisted  of  transparencies^ 
taken  by  various  processes,  and  was  a  trial  of  their  relative 
merits  for  exhibition  in  this  manner. 

Many  beautiful  pictures  were  exhibited  printed  on 
albumen,  coUodio-albumen^  Fothergill^  tannin,  oxymel,  and 
syrup  processes,  and  also  taken  on  collodion  in  the  camera. 
The  two  latter  processes  were  decided  to  be  the  most  suit- 
able ;  the  photographs  taken  in  India  by  Mr.  Buxton  were* 
much  admired.  Several  photographs  of  the  moon  were 
exhibited  by  Mr.  Brothers,  one  of  which  was  taken  by 
himself. 
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Ordinary  Meeting,  January  iOth,  1865. 

E.  W.  BiKNOT,  F.R.S.,  F.G.S.,  Vice-President,  in  the 
Chair. 

Dr.  RoscoE  exhibited  some  very  interesting  photographs 
of  the  fixed  lines  in  the  solar  spectrum  made  by  Mr.  Ruther- 
ford of  New  York.  These  photographs  exhibit  groups  of 
thousands  of  lines  extending  from  near  the  line  b  in  the 
green  to  beyond  H  in  the  violet,  and  serve  as  a  most  valuable 
confinnation  of  the  accuracy  of  Kirchhoff 's  maps.  Each  line 
in  these  maps  can  be  easily  and  distinctly  traced  in  the 
photograph,  whilst  many  bands  drawn  as  single  ones  by 
Kirchhoff  are  seen  in  the  magnified  photograph  to  consist  of 
bundles  of  fine  lines.  These  photographs  were  prepared 
with  three  6(f  bisulphide  of  carbon  prisms. 

Dr.  UoscoiR  also  exhibited  two  fine  photographic  prints  of 
the  moon,  enlarged  by  Mr.  Rutherford  from  negatives  taken 
by  him  in  New  York  with  an  ll^in.  object  glass  of  14ft. 
focal  length,  which  he  had  ground  with  special  reference  to 
the  highly  refrangible  rays,  and  which  is  therefore  unfit  fbr 
ordinary  telescopic  purposes. 

Mr.  Baxendell,  and  Mr.  Wilkinson,  P.R.A,S.,  expressed 
their  opinion  that  Mr.  Rutherford^s  prints  were  decidedly 
sharper  than  any  photographs  of  the  moon  they  had  deen. 
FBocnimiCHi  Jja.  ft  ftatk  SdOxkrt.-^Ydt  t^.^-^ft.  B.-H3n8ioK  1864-5. 
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A  Paper  was  read  '^On  Some  Products  Derived  from 
Indigo  Blue,"  by  Dr.  E.  Schunck,  F.R.S.,  Vice-President. 

By  his  experiments  on  the  formation  of  indigo  blue,  an 
account  of  which  was  laid  before  the  Society  several  years 
ago,*  the  author  was  led  to  make  some  inquiries  regarding  the 
processes  employed  in  tropical  coimtries  for  the  production  of 
indigo  from  plants.  All  authorities,  it  appears,  agree  that 
the  process  of  fermentation,  which  is  the  one  usually  adopted 
for  the  purpose  of  extracting  the  colour,  requires  to  be 
conducted  with  the  greatest  care  in  order  to  lead  to  a  successfrd 
result.  Unless  certain  precautions  are  adopted  the  colouring 
matter  may  be  entirely  lost.  This  phenomenon  may  be  easily 
accounted  for.  Though  indigo  blue,  when  once  formed  is  a 
very  stable  body,  the  substance  existing  in  the  cells  of  the 
plant  from  which  it  originates  and  which  the  author  terms 
Indican,  is  decomposed  with  the  greatest  facility,  indigo 
blue  being  only  one  of  its  products  of  decomposition,  which 
may  be  formed  or  not,  according  to  the  nature  of  the  process 
employed. 

There  are,  however,  other  facts  connected  with  this  subject 
which  cannot  so  easily  be  explained.  It  is.  well  known  to 
those  dyers  who  employ  the  so-called  tooad  vat,  in  which  the 
reduction  of  the  indigo  blue  is  effected  by  means  of  various 
organic  matters,  such  as  woad,  madder,  and  bran,  together 
with  lime,  that  if  the  process  be  not  carefully  managed  it 
may  change  its  character  entirely — a  change  which  results  in 
the  total  destruction  or  disappearance  of  the  colouring  matter. 
This  phenomenon  cannot  be  explained  in  accordance  with 
what  is  at  present  known  regarding  indigo  blue,  which  is 
considered  by  chemists  to  be  a  body  of  such  a  stable  character 

•  S^  Memoiivi  VoL  ZIY.,  p.  181, 
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as  not  to  be  decomposed  by  any  except  very  potent  agents, 
such  as  chlorine,  bromine,  or  nitric  acid.  It  has  not  hitherto 
been  supposed  possible  to  effect  its  decomposition  by  means 
of  fermentation  or  putrefaction. 

Then,  again,  the  author  found  that  when  very  small 
quantities  of  indigo  blue  are  reduced  according  to  Fritzsche's 
method,  which  consists  in  acting  o^  it  with  alcohol,  grape 
sugar,  and  caustic  soda,  the  colouring  matter  does  not  make 
its  appearance  again  when  the  solution  is  exposed  to  the 
atmosphere.  The  liquid  jrields  no  deposit  and  remains 
yellow  and  transparent.  This  fact  is  also  difficult  to  account 
for,  since  it  is  usually  supposed  that  by  the  combined  action 
of  reducing  agents  and  alkalies  indigo  blue  merely  takes  up 
an  atom  of  hydrogen  and  then  dissolves,  and  by  the  action  of 
oxygen  is  again  precipitated  unchanged  and  undiminished  in 
quantity.  By  the  continued  action  of  a  large  excess  of 
alcohol  and  grape  sugar,  together  with  caustic  soda,  the  author 
succeeded  in  causing  several  grammes  of  indigo  blue  to  dis- 
appear entirely.  That  the  effect  was  due  to  the  combined 
action  of  alcohol  and  grape  sugar,  not  to  that  of  one  or 
the  other  only,  was  proved  by  subjecting  a  small  quantity 
of  indigo  blue  to  the  action  of  grape  sugar  and  caustic 
alkali  in  watery  solution,  and  another  portion  to  the  action 
of  alcohol,  protoxide  of  tin,  and  alkali.  Reduction  of  course 
took  place  in  both  cases;  but,  though  the  solutions  were 
boiled  for  some  time,  the  colouring  matter  was  in  each  case 
precipitated  again  on  exposure  to  the  air,  apparently 
undiminished  in  quantity.  Since,  by  the  action  of  caustic 
alkalies  on  grape  sugar^  acetic  and  formic  acids  are  formed, 
it  occurred  to  the  author  that  the  effect  produced  by  the  sugar 
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in  this  prooe68  might  in  reality  be  due  to  the  presence  of  one 
or  both  of  these  acids  rather  than  to  the  sugar  itself.  Hiis 
supposition  was  completriy  verified  by  experiment.  The 
colouring  matter  disappeared  quite  as  rapidly  when  acetate 
or  foimiate  of  soda  was  employed  in  the  place  of  grape  sugar. 
The  use  of  the  latter  was  therefore  abaiidoned  in  the  subse- 
quent experiments.  In  the  present  oommunioation  tb^ 
author  confines  himself  to  an  account  of  the  combined  aotion 
of  alcohol^  acetate  of  so4a,'and  caustic  soda  on  indigo  blue. 

The  process  adopted  was  quite  simple.  Pure  indigo  Uue 
was  introduaed  into  a  large  quantity  of  ordinary  spirits  of 
wine,  and,  after  being  well  agitated,  the  mixture  was  raised 
to  the  boiling  point,  A  quantity  of  pure  acetate  of  soda, 
previously  deprived  of  its  water  of  crystallisation,  and  a 
little  caustic  soda  were  then  added^  and  the  boiling  was 
continued  for  several  hours*  A  reduction  of  the  indigo  blue 
took  place  in  the  first  instance,  as  was  evident  from  the  deep 
red  colour  of  the  liquid.  On  agitating  with  air  this  red 
colour  disappeared  for  a  moment,  the  indigo  blue  being  pre- 
cipitated in  powder,  but  after  some  time  the  liquid  acquired 
a  dark  brown  colour  and  deposited  nothing  on  exposure  or 
agitation.  The  process  was  then  completed.  In  order  to 
obtain  the  products  formed,  the  brown  liquid  was  evaporated, 
and,  when  the  evaporation  was  nearly  completed,  water  and 
an  excess  of  sulphuric  acid  were  added,  which  threw  down  a 
brown  insoluble  mass,  consisting  partly  of  resinous,  partly  of 
pulverulent  substances.  From  the  liquid,  which  was  of  a 
light  brown  colour,  a  crystallized  acid  was  obtained,  which 
after   being  purified  was  found  to  co;isist  of  <mthp^?fl?^ 
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iHS^.  Froin  tk«  m^m,  m9olal)le  in  water,  tl^e  author 
obtained  five  distinct  substances,  which  wei?f^  sepai^at^d  &Qm 
one  another  by  m^aps  of  various  solvents,  Siuch  as  alcohol, 
ether,  ammonia^  ani  carbonate  of  ammoni^.  These  sub- 
stances were  all  brQwo,  and  amorphous.  Some  of  them 
resembled  resim,  otl^em  were  powders.  Idl  general  they 
were  found  to  poaae^a  vi^iry  f<9W  qhantct^ri^tic  properties,  and 
as  they  pr^^auted  very  little  that  could  be  of  int^e^t  to 
the  chemist,  if  their  origin  and  their  mode  of  formation  be 
excepted,  the  author  refrained  from  bestowing  Qame9  on 
them  and  thus  adding  to  the  already  unwieldy  ma^s  of  terms 
v?ith  which  chemical  science  has  to  deal,  but  preferred  to 
distinguish  them  by  the  letters  of  the  alphabet,  as  A,  B4  C> 
D,  and  E.  The  body  \  is  easily  soluble  in  cold  alcohol  and 
ether,  but  quite  insoluble  in  alkalies.  B  is  easily  soluble  in 
alcohol  and  ether,  as  well  as  in  alkalies,  both  caustic  and 
carbonated*  These  two  have  the  appearance  of  resins  of  a 
rich  brownish-yellow  colour.  C  is  very  little  soluble  in 
alcohol  and  ether,  and  insoluble  in  alkalies.  D  closely 
resembles  C,  but  is  distinguishd  by  its  solubility  in  alkalies. 
E  is  remarkable  for  being  soluble  in  a  boiling  solution  of 
acetate  of  soda.  These  three  are  brown  powders.  That 
portion  of  the  mass  soluble  in  alcohol  and  alkalies,  but 
insoluble  in  ether,  was  not  e^^amined,  as  it  was  sure  to  contain 
some  of  the  peculiar  resinous  product  of  decomposition, 
which  is  always  formed  by  the  action  of  caustic  alkalies  on 
alcohol,  and  which  is  supposed  to  be  identical  with  the 
so-called  ^^  aldehyde  resin." 
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The  author's  analyses  of  these  five  bodies  led  to  the 
following  formulae : — 

A C„H»NOa 

B Cfi^ajNOe 

C C^HnNO^ 

D C«H^N,Oio 

E C„HuNOe 

The  author  attaches  no  importance  to  these  formulae  except 
in  so  £ir  as  they  furnish  a  means  of  explaining  the  mode  in 
which  these  bodies  are  formed.  It  will  be  seen  that  they  all 
contain  the  elements  of  indigo  blue,  alcohol  and  acetic  acid 
in  various  proportions.  Taking  as  an  instance  the  body  C, 
which  is  the  simplest  in  constitution^  it  is  apparent  that  it 
has  been  formed  by  the  union  of  1  atom  of  indigo  blue, 
1  atom  of  alcohol,  and  2  atoms  of  acetic  acid,  8  atoms  of 
water  being  at  the  same  time  eliminated,  since 

C„H„NO,  +  8H0  =  CieHsNOj  +  0^0,  +  2C AO,. 

In  like  manner  E  originates  from  the  combination  of  2  atoms 
of  indigo  blue,  1  atom  of  alcohol,  and  5  atoms  of  alcohol,  for 

2(C„HuN0e)  +  UHO  =  2(C,eH^0,)  +  CEjOi,  +  6C,Efiv 

The  formation  of  B  will  be  easily  understood  by  a  glance  at 
the  following  equation : 

C^H^NOs  +  18H0  =  CieH^Oa  +  6(C4H60,)  +  3(C4HA). 
In  the  case  of  A,  which  is  the  most  complex  of  all,  it  is 
necessary  to  assume  that  carbonic  acid  comes  into  play,  since 

CwH^NOg  +  26HO  =  CieHjNO,  +  8(0^0,)  +  3(0^00  +  2C0,. 

It  is  difficult  to  say  whence  this  carbonic  acid  is  derived. 
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but  the  author  supposes  it  may  originate  in  the  decomposition 
of  that  portion  of  the  indigo  blue  which  yields  anthranilic 
acid. 

Hence  it  appears  that  all  these  products^  except  anthranilic 
acid,  are  formed  by  a  very  simple  process  which  consists 
merely  in  indigo  blue  taking  up  alcohol  and  acetic  acid  in 
various  proportions  and  forming  compound  bodies  in  which 
none  of  the  constituents^  as  such^  can  be  detected.  It  is^ 
therefore^  not  a  process  of  decomposition,  but  a  synthetical 
process,  a  building  up  of  complex  bodies  from  others  of  a 
simpler  constitution.  This  is  proved  by  the  fact  of  water 
being  given  up  during  the  process,  whereas  in  all  cases  in 
which  complex  organic  substances  are  decomposed  into 
simpler  ones,  water  is  absorbed.  Regarding  the  real  con- 
stitution of  these  bodies,  the  author  hazarcfs  no  speculations. 
It  might  be  supposed  that  they  belonged  to  the  class  of 
conjugated  compounds,  of  which  organic  chemistry  furnishes 
us  with  so  many  examples,  and  that  by  decomposition  we 
should  be  able  to  obtain  from  them  some  of  the  simpler 
bodies  which  are  known  to  have  entered  into  their  composition, 
but  the  author's  experiments,  as  far  as  they  have  gone,  do 
not  countenance  this  view.  He  was  unable  to  obtain  from 
any  one  of  them,  either  indigo  blue^  alcohol,  or  acetic  acid. 

The  occasional  disappearance  of  the  indigo  blue  in  the 
woad  vat  in  consequence  of  mismanagement  now  admits,  the 
author  thinks,  of  any  easy  explanation.  By  the  fermentation 
of  the  sugar  contained  in  the  madder  employed,  alcohol  is 
formed,  which  in  its  turn  may  yield  some  acetic  acid  and 
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alcohol^  acetic  acid  and  a  base  (lime)  being  present,  nothing 
ftitther  iB  teqnired  for  the  development  of  the  process 
described  by  the  author. 

Professor  Bosco%  suggested  that  eome  of  tiie  bodies 
deseribed  by  the  author  might  possibly  be  represented  as 
Gaibstitution  products^  one  or  tnore  of  the  atoms  of  hydrogen 
of  the  indigo  blue  being  repkoed  by  one  or  more  wgonic 
radicles. 

A  Paper  was  also  read  '^  On  Some  Physiological  Effects  of 
Carbonic  Acid  and  Ventilation,"  Part  I.,  by  Dr.  R.  Akoits 
Smith,  F.B.S.,  President. 
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Ordinary  Meetings  January  24tb^  1866. 


B.  Ahgub  Skith^  Ph.D.j  F.B.8.,  &c.j  President^  in 
the  Chair. 

Mr.  William  B.  Johnson  was  elected  an  Ordinary  Member 
of  the  fioeiety. 

Mr.  S.  B.  WoBTHiNGTON,  C.E.,  stated  that  it  might  be  of 
some  interest  to  the  engineering  members  of  the  society  to 
know,  that  he  had  lately  constructed  a  swing  bridge  for 
carrying  a  railway  over  the  Sankey  canal,  in  which  the  girders 
are  made  of  Bessemer  steel  plates.  The  object  of  using  steel 
instead  of  wrought  iron,  was  to  reduce  the  weight  of  the 
girders.  The  girders  are  four  in  number,  about  fifty-six  feet 
long,  with  bearings  varying  from  thirty  to  forty  feet,  and  two 
feet  deep.  They  were  manufactured  by  Messrs.  Benjamin 
Hick  and  Sons,  of  Bolton,  from  steel  plates  made  by  the 
Bolton  Steel  and  Iron  Company ;  and  were  tested  with  loads 
of  a  ton  to  the  foot,  or  more  than  double  the  weight  which 
they  could  possibly  be  called  upon  to  bear.  The  deflection 
varied  from  J-inch  to  an  inch,  according  to  the  length  of  the 
girder,  and  there  was  no  permanent  set  on  removal  of  the 
testing  load. 

The  plates  used  varied  from  J-inch  to  iV-inch  in  thickness; 
and  the  average  tensile  strength  of  a  considerable  number  of 
plates  tested,  was  upwards  of  thirty-six  tons  to  a  square  inch. 

The  weight  of  the  gii'ders  was  about  fths  of  the  weight 
vrhich  they  would  have  been  if  vnrought  mm  had  been  used. 
Pbooibdzvm  Lit.  &  Peil.  Sooxht.— Tol.  IY.— No.  9.H9b80ZOV  1864-5. 


78 

The  contract  for  this  bridge  was  made  in  November,  1863, 
and  the  bridge  was  erected  during  the  past  Summer. 

Mr.  WoRTHiNGTON  also  exhibited  a  piece  of  cast  iron  lately 
taken  out  of  the  Sankey  canal.  Its  exterior^  from  one-eighth 
to  a  quarter  of  an  inch  in  depth,  was  so  soft  as  to  be  easily 
cut  with  a  dull  knife  .  From  the  form  of  the  casting  he 
thought  it  very  probable  that  it  had  not  been  in  the  canal 
more  than  five  or  six  years.  He  stated  that  the  water  of 
the  canal  was  strongly  impregnated  with  liquids  discharged 
from  the  alkali  works  in  the  neighbourhood  of  St.  Helens. 

Mr.  SiDEBOTHAM  read  the  following  communication  from 
^  Mr.  James  Nasmyth,  C.E.,  Corresponding  Member  of  the 
Society,  and  exhibited  the  large  and  beautiful  drawing  to 
which  it  refers  :'— 

On  the  5th  of  June,  1864,  between  the  hours  of  11  a.m. 
and  2  p.m.,  I  had  the  good  fortune  to  observe  under  unusually 
favourable  circumstances,  a  large  and  remarkable  group  of 
solar  spots. 

The  willow-leaf  shaped  objects  forming  the  structural 
element  of  the  entire  photosphere,  as  also  forming  the  details 
of  the  penumbral  portions  and  bright  margins  of  the  photo- 
sphere overhanging  the  spots,  were  occasionally  revealed. with 
perfect  distinctness ;  but  the  favorable  moments  for  pure 
definition  had  to  be  watched  for,  by  keeping  the  eye  steady 
at  the  eye  piece  and  the  hand  on  the  focal  adjustment,  so  as 
to  be  ready  to  make  those  minute  focal  adjustments  that  I 
find  are  requisite  to  meet  the  constantly  varjring  condition  of 
the  atmosphere,  which,  especially  during  bright  sunshine,  is 
so  fertile  a  source  of  defective  definition,  as  is  well  known  to 
practical  obs(!rvers. 

Some  of  the  willow-leaf  shaped  objects  were  very  favourably 
situated  in  an  insulated  position  over  the  dark  centres  of  the 
spots,  and  in  that  situation  yielded  me  excellent  opportunity 
for  carefully  noting  their  exact  form  and  proportions.  *  In 
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this  respect  I  can  with  the  utmost  confidence  pledge  myself 
to  the  correctness  of  what  I  liave  represented  in  the  drawing 
which  accompanies  this  communication. 

I  continue  to  employ  the  term  **  willow-leaf"  shaped  ob- 
jects, as  sufficiently  exact  to  convey  to  any  one  a  general  idea 
of  their  form,  and  so  to  identify  them.  I  might  perhaps  have 
hit  upon  some  other  term  that  would  have  been  more  exact 
and  descriptive,  and  in  that  respect  I  was  much  pleased  with 
that  which  was  employed  by  Mr.  Stone,  of  the  Royal  Obser- 
vatory, Greenwich,  when  he  first  beheld  these  remarkable 
objects  by  the  aid  of  the  great  equatorial  refracting  telescope 
of  the  Royal  Observatory,  on  which  occasion  Mr.  Stone 
described  them  as  '^  bright  rice-like  particles."  Perhaps  the 
more  general  term  "lenticular  shaped  objects"  would  be 
better  than  either,  as  admitting  of  a  certain  latitude  in  respect 
to  proportions,  that  may  admit  of  a  classification  of  any 
variety  in  these  respects  that  future  observations  may  supply. 

Any  observer,  who  with  due  means  at  his  command  is 
fortunate  to  obtain  a  satisfactory  view  of  these  truly-remarkable 
structural  details  of  the  solar  photosphere,  can,  of  course, 
please  himself  as  to  the  term  that  appears  to  him  best  to 
convey  a  correct  idea  of  them.  But  the  grand  fact  of  their 
existence  is  now  proved  beyond  all  doubt ;  and  they,  as  "  a 
great  fact,"  will  ever  remain  so  long  as  the  sun  exists. 

Dr.  R.  Angus  Smith,  F.R.S.,  read  a  paper  *'  On  some 
Physiological  Effects  of  Carbonic  Acid  and  Ventilation,"  of 
which  the  following  is  the  substance. 

That  bad  ventilation  produces  effects  which  are  unplea* 
sant,  unwholesome,  dangerous,  or  deadly,  according  to  cir- 
cumstances, has  been  long  known;  it  has  also  been  well 
known  that  the  effects  of  breathing  carbonic  acid  are  of  a 
similar  kind.  We  have  not,  however,  been  able  to  say 
distinctly  that  the  evil  effects  of  bad  ventilation  are  due 
entirely  to  carbonic  acid.    We  have  had,  and  not  without 
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good  reason^  a  strong  bdief  that  tke  organic  matter  was  a 
grave  offender. 

The  author  had  endeavoured  to  show  elsewhere  that  the 
organic  matter  is  in  early  stages  of  ventilation  the  most 
observable ;  but  that  in  later  stages  the  effect  of  the  carbonic 
acid  is  unmistakeable. 

When  enquiring  into  the  state  of  the  air  in  mines  he  found  it 
needM  to  make  experiments  in  close  places,  and  had  a  leaden 
airtight  room  built,  containing  about  170  cubic  feet  of  air. 
On  examining  the  effect  of  carbonic  acid  on  the  burning  of 
candles,  he  remained  in  the  chamber  until  that  gas  was 
poured  in  to  the  extent  of  3'9  per  cent.  He  then  found  that 
the  pulse  fell  so  low  that  it  was  difficult  to  count  the  beats, 
whilst  they  diminished  in  number.  This  effect  was  rapid,  as 
he  was  not  long  in  the  room.  Since  there  was  no  time  for  the 
accumulation  of  organic  matter,  nearly  the  whole  effect  must 
have  been  due  to  carbonic  acid.  Similar  results  were  observed 
frequently :  a  few  may  be  given.  The  first  here  adduced  will 
show  the  fall  of  the  pulse  and  the  increase  of  the  respiration 
more  clearly  than  the  others  as  4the  details  are  appended. 
The  carbonic  acid  increased  by  means  of  respiration  only. 
The  number  of  beats  diminishes  with  a  regularity  equal  to 
the  increase  of  the  carbonic  acid,  whilst  the  iNreathiog 
quickens  with  equal  steadiness. 
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Five  persons  sat  for  80  minutes  in  the  room.  In  all  cases 
there  was  great  irregularity  of  breathing.  They  were  all 
conversing  with  each  other^  which  occupation,  as  was  found, 
somewhat  modified  the  effect.  In  two  cases  the  rise  of  the 
pulse  was  considerable,  viz.,  from  60  to  79,  and  from  84  to  91 ; 
but  the  numbers  soon  fell  down  to  the  natural  amount,  and 
would  apparently  have  fidlrai  much  lower  if  one  of  the  two 
persons  had  not  felt  too  unwell  to  remain.  The  pulses  in  all 
cases  were  difficult  to  count,  being  excessively  feeble,  and  the 
most  delicate  ^  the  fingers  was  sought  for  the  operation. 
No  deficiency  of  strength  wis  found  in  any  of  the  trials,  and 
the  amount  of  carbonic  acid  rose  equally  fiom  first  to  last. 

As  the  pulse  foil  and  roeeaoecrding  to  the  individuality,  the 
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author  fixed  on  one  ydung  man  on  whom  the  effect  was  most 
regular  for  further  experiment.  It  must  be  remembered^  how- 
ever,  that  on  no  person  was  the  effect  small  or  uncertain. 

The  objects  of  the  farther  experiments  were  these,  1st,  to 
inquire  if  the  influence  could  be  observed  when- the  amount 
of  carbonic  acid  was  small ;  and  Snd,  to  separate  the  effects 
of  the  carbonic  acid  entirely  from  those  of  organic  matter. 

With  3  per  cent  of  carbonic  acid  evolved  in  the  chamber 
iUelf,  the  pulse  fell  in  27  minutes  from  67  to  62,  the  breath- 
ing rose  from  17  to  23 ;  the  pulse  so  low  that  it  was  barely 
perceptible.  The  ex|K>sure  was  not  full  27  minutes,  as  the 
gas  took  some  time  to  evolve. 

With  2  per  cent  the  pulse  fell  in  70  minutes  4,  the 
breathing  rose  from  18  to  23  J.  On  coming  out  the  pulse 
rose  8  in  five  minutes. 

With  I  per  cent  the  pulse  fell  4  in  the  hour. 

The  following  results  were  obtained  by  breathing  air  with 
carbonic  acid  entirely  free  from  organic  matter,  the  inspirations 
being  taken  from  a  prepared  reservoir,  and  the  expirations 
not  being  allowed  to  mix  with  them: — 

With  1  per  cent  CO]  a  rise  of  2,  then  a  fall  of  5  beats  of  the 
pulse  in  26  minutes. 
„    0*5  pulse  fell   5  in    40    minutes,  respiration 

rose  7. 
„    0'25        carbonic  acid  pulse  rose  3,   and  fell  4  in 

80  minutes,  respiration  rose  4. 
„    0*1  carbonic  acid   rose  1  and  fell  1,    in   45 

minutes,  breathing  rose  I. 

Ordinary  air  was  breathed  in  the  same  way,  so  as  to 
eliminate  the  effect  of  the  apparatus.  Pulse  rose  1  and 
fell  I5  but  no  greater  change  occurred  during  a  whole  hour. 
Breathing  continued  unchanged  except  at  one  interval,  when 
it  fell  1  and  then  resumed  its  usual  number.  In  no  experi* 
ment  during  the  whole  period  did  the  breathing  of  the  same 
experimenter  ever  fall  1  when  there  was  as  much  as  one  tenth 
per  cent  of  carbonic  acid  present. 
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In  one  person,  a  youths  the  pulse  rose  on  every  trial.  On 
entering  into  air  with  8  per  cent  of  carbonic  acid  and  no 
organic  matter,  his  pulse  rose  6  in  two  minutes  and  his 
breathing  fell  4.  The  pulse  was  so  feeble  that  he  could  not 
count  it;  some  one  helped  in  the  process.  He  found  the  air 
very  unpleasant.  Another  young  man  in  two  minutes  in  the 
same  air,  found  that  his  pulse  rose  6  and  his  respirations  4. 

The  action  of  carbonic  acid  seems,  therefore,  in  all  cases  to 
enfeeble  the  pulse;  at  first  sometimes  to  cause  a  rise,  but 
finally  to  lower  the  number  of  the  beats. 

This  effect  is  instantaneous  or  nearly  so  with  air  having 
8  per  cent  of  carbonic  acid,  but  diminishes  with  the  amount 
of  impurity.  It  is,  however,  perceptible  with  an  amount  of 
carbonic  acid  as  low  as  O'l  per  cent,  and  probably  by  taking 
long  periods  the  effect  would  be  found  even  with  smaller 
quantities.  This  amount  is  often  exceeded  in  private  houses 
and  public  meetings,  where  it  rises  to  0*2  or  even  0*3. 

The  second  effect  of  carbonic  acid  is  in  the  breathing, 
which  it  hastens  rapidly,  although  in  some  cases  it  causes  a 
diminution  of  the  inspirations.  The  effect  approaches  either 
a  gasping  or  a  panting. 

The  author  added  that  he  must  leave  to  physiologists  to 
speak  of  the  ultimate  effect  of  such  a  condition  of  things,  and 
would  only  observe,  that  in  Dr.  Peacock's  inquiries  into  the 
state  of  health  of  the  Cornish  miners,  he  found  that  a  feeble 
pulse  was  one  of  the  peculiarities,  a  proof  that  the  temporary 
results  found  in  these  experiments  may  be  rendered  per- 
manent. 

On  coming  into  fresh  air  the  pulse  and  breathing  recovered 
in  a  few  minutes,  showing  the  value  of  ventilation. 
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PHYSIOAL  AND  IClTHBMATIOiX  SEOTION. 
January  I£th,  1865. 

Joseph  Baxbndbll^  F.B.A.S.^  President  of  the  Seetion, 
in  the  Chair. 

Mr.  HbeliSi  F.R.A.8.,  communicated  the  following  account 
of  a  fire  hall  which  he  had  ohseryed: — 

Tuesday,  18th  Decemher,  1864,  0  hour  V  a.m.  Fire  ball 
with  sensible  disc,  and  brilliant  train  firom  middle  of  seat  of 
Cassiopeia's  chair,  to  a  point  half-way  between  a  Andromedss 
and  a  Cygni.  Disappeared  at  an  altitude  a  little  greater  than 
that  of  the  latter  star  (in  other  words  about  10*  above 
horiflon);  duration  about  2^".  Train  extended  from  point  of 
appearance  to  that  of  disappearance,  but  disappeared  almost 
immediately  after  the  meteor  itself.  Color,  bluish  white, 
with  sparks  from  head,  especially  when  near  the  point  of 
disappearance.  Did  not  see  it  burst.  Light  intense,  and 
well  defined  disc  It  was  nearly  calm  on  the  earth  at  the 
time,  but  heavy  scud  was  going  rapidly  over  the  moon  from 
theS.E.;  and  to  the  best  of  my  judgment  the  meteor  feH 
directly  befwre  the  scud.  Laying  off  the  course,  &c.,  on  a 
celestial  globe,  the  results  are — altitude  of  point  of  first 
observation  or  origin  about  60°;  altitude  of  disappearance*  tO""; 
length  of  track  4ff;  direction  N.W. 

There  was  so  much  scud  that  the  meteor  must  have  passed 
behind  several  clouds,  and  so  much  moonlight  that  the  time 
by  watch  could  be  read.  Hence  the  disc  could  hardly  have 
been  the  effect  of  irradiation. 

9  a.m.    Wind  S.E.;  light,  clear  weather. 
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The  only  point  upon  which  I  have  any  doubt  is  the  time, 
which  might  have  been  a  little  later.  I  took  the  time  by  my 
watch,  but  it  had  been  wrong  for  a  day  or  two,  and  I  could 
not  get  to  any  good  clock  to  test  it  for  some  days  after. 

Mr.  Ybrnon,  F.B.A.S.^  communicated  the  following 
*'Nete  on  the  Rainfall  of  1864/' 

The  fall  of  rain  for  the  past  year  has  been  4*758  inches 
below  the  average  of  the  last  71  years.  The  fall  was  also 
7'700  inches  below  that  of  1863^  and  fell  upon  44  less  days 
than  in  that  year. 

The  principal  deficiency  occurred  during  the  last  six 
months  of  the  year,  especially  in  July  and  October.  The 
only  month  having  a  fall  in  excess  out  of  the  last  six  months 
of  the  year  was  September,  and  rain  fell  upon  more  days  that 
month  than  any  month  during  the  year. 

The  felling  off  in  July  and  October  was  no  doubt  owing  to 
the  excessive  amount  of  easterly  winds.  In  July  easterly 
winds  occurred  upon  11  days,  whereas  the  average  of  13  years 
gives  only  5*9.  In  October  easterly  winds  prevailed  on  no 
less  than  18  days,  the  average  being  only  9*5. 

On  examining  the  monthly  means  for  the  71  years,  there 
appears  to  be  evidence  of  periodicity  in  the  distribution  of  the 
rainfall :  a  minimum  occurring  in  April  just  after  the  vernal 
equinox,  and  a  maximum  in  October  just  after  the  autumnal 
equinox.  In  September,  however,  there  appears  to  be  an 
exception  to  the  gradually  increasing  values -from  April  to 
October. 

If  this  law  really  exists  as  it  appears  to  do,  the  rainfall  will 
evidently  bear  a  close  relation  to  the  sun's  course  in  the 
ecliptic,  the  minimum  rainfall  occurring  at  a  time  when  the 
gradually  increasing  temperature  of  the  air  enables  it  to 
absorb  a  larger  amount  of  moisture,  and  consequently  tending 
to  prevent  precipitation.  The  maximum  rainfall  also  occur- 
ing  at  the  time,  the  temperature  begins  to  fall  rapidly,  and 
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eon^equently  tetiding  to  precipitate  the  large  amount  of 
moisture  absorbed  during  the  heat  of  summer. 


ItAl^ALL,  1864. 
Old  Tbafford,  Manchbstbb. 
By   G.   V.  Vbekoh,   FJLA.S.,   M.B.M.S. 
Bttin  gaOfe  8  feet  abore  the  lerel  of  the  ground,  and  106  feet  abore  tho  i 
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Ordinary  Meeting,  February  7th,  1865'. 


R.  Angus  Smith,  Ph.D.,  F.R.S.,  &c..  President,  in 
the  Chair. 

Among  the  donations  announced  was  a  framed  photo- 
graphic portrait  of  the  late  Thomas  Hopkins,  Esq., 
formerly  a  Vice-President  of  the  Society,  presented  by  James 
Mooney,  Esq. 

On  the  motion  of  Dr.  Joule,  seconded  by  Mr.  Robert 
WoRTHiNGTON,  the  thanks  of  the  Society  were  unanimously 
voted  to  Mr.  Mooney  for  his  valuable  donation. 

Mr.  BiNNET,  F.R.S. :  After  the  researches  of  Lindley, 
Geoppert,  Brongniart,  Prestwich,  Hooker,  and  others,  it 
really  seemed  that  we  had  obtained  almost,  a  complete 
knowledge  of  the  internal  structure  of  Stigmaria.  It  is  true 
that  only  Geoppert  had  seen  the  isolated  bimdles  in  the 
pith,  all  the  specimens  of  the  other  observers  having  been 
imperfect  in  that  portion  of  the  plant,  and  giving  na  indica- 
tion of  structure  there.  In  my  own  researches  I  have  rarely 
met  with  a  Stigmaria  shewing  any  structure  in  the  central 
axis,  even  where  the  small  stems  of  SigiUaria  vascularis 
displaying  all  the  structure  in  that  part  are  found  in  great 
abundance. 

Many  years  since,  after  the  examination  of  a  great  number 
of  specimens  of  Stigmaria  in  my  collection,  it  occurred  to  me 
that  an  outer  as  well  as  an  inner  radiating  cylinder  would  be 
discovered.  In  my  remarks  on  SigiUaria^  published  in 
Tboosmdisqb  JiiT.  dt  Phil.  SooDrry,--Voi..  IV.— No.  10,— Sbbsion  1864-6, 
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Vol.  IV.,  part  1,  p.  20,  of  the  Quarterly  Journal  of  Oeology, 
is  the  following  passage :  **  That  part  of  Stigmaria  which 
interreaed  between  the  vascular  axis  and  the  bark,  appears 
to  have  consisted  of  two  kinds  of  tissue.     These  have,  in  most 
cases,  been  unfortunately  destroyed,  so  that  we  cannot  posi- 
tively knolv  their  true  nature ;  but  they  appear  to  have  been 
of  different  characters,  for  there  generally  appears  to  be  a 
well  marked  division.     This  is   often   shown  in  specimens 
composed  of  clay  ironstone  which  have  not  been  flattened,  and 
the  boundary  line  is  about  quarter  an  inch  from  the  outside 
qS  the  specimen.     Most  probably  the  outer  zone  has  been 
composed  of  stronger  tissue  than  the  inner  one.  as  is  the  case 
with  well  preserved  specimens  of  Lepidodendron.^^    It  is 
singular  that  such  acute  observers  as  those  above  named  had 
not  noticed  this  line  of  division,  but  it  was  no  doubt  owing  to 
the  imperfect  specimens  which  they  had  examined.     After 
the  discovery  of  the  outer  radiating  cylinder  in  Lepidodendron 
by  Witham,  and  the  same  arrangement  in  SigiUari  elegam 
by  Brongniart,  it  was  to  be  expected  that  such  outer  radiating 
cylinder  would  be  found  to  exist  in  Stigmaria,  if  it  were  the 
root  of  SigiUaria.    After  an  examination  of  a  great  number 
of  specimens,  the  cabinet  of  Mr.  James  Russell,  of  Chapel 
Hall,  Airdrie,has  afforded  me  four  or  five  different  Stigmaria, 
which  give  clear  evidence  of  the  existence  of  this  outer 
radiating  cylinder.     They  are  all  in  clay  ironstone,  and  have 
not  been  much  compressed.     He  has  kindly  allowed  me  to 
slice  two  of  the  specimens,  which  afford  decisive  evidence  of 
the  existence  of  both  an  inner  and  an  outer  radiating  cylinder. 
The  space  on  the  outside  of  the  inner  cylinder  does  not  shew 
distinctly  the  bundles  of  vessels  communicating  with  the 
rootlets,  although  there  is  some  evidence  of  their  former 
occurrence.     The  bell  shaped  orifices  from  which  the  rootlets 
sprang  are  well  displayed,  and  the  space  between  them  is 
occupied  by  wedge   shaped  masses   of  elongated   tubes  or 
utricles  arranged  in  radiating  series,  not  to  be  distinguished 
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in  any  way  from  those  which  I  have  shewn  occur  in  Sifftl- 
laria  vascularis  {Quarterly  Journal  of  the  Geological  Society 
for  May,  1862,  Plate  1,  fig.  6).  Indeed,  the  transverse 
section  of  the  specimen  there  figured  would  almost  do  for  a 
representation  of  Stigmaria,  if  the  latter  had  the  central  axis 
preserved,  which  it  unfortunately  has  not.  There  is  the 
same  internal  radiating  cylinder  and  the  same  space  formerly 
occupied  by  lax  cellular  tissue,  which  gradually  passes  into 
the  elongated  tubes  or  utricles  arranged  in  radiating  series, 
and  parted  by  large  bundles  of  vessels  next  to  the  bark;  thus 
clearly  proving  from  structure  alone  that  Stigmaria  is  the 
root  of  SigiHaria,  each  of  them  having  an  inner  radiating 
cylinder  composed  of  barred  vessels,  a  space  occupied  by  lax 
cellular  tissue,  and  an  outer  radiating  cylinder  composed  of 
elongated  tubes  or  utricles. 

Mr.  Binney  also  exhibited  some  of  the  specimens  to  the 
meeting,  and  said  that  he  was  in  possession  of  clear  evidence 
both  from  structure  and  branching  to  prove  that  Sigillaria, 
which  was  the  chief  plant  from  which  our  beds  of  coal  had 
been  formed,  was  a  tree  which  branched  like  the  Lepidoden- 
dron,  and  was  not  the  strange  stunted-topped  plant  which 
some  authors  had  represented  it  to  be. 

The  President  drew  attention  to  the  late  fatal  explosion 
at  Peterborough,  and  asked  whether  the  easy  method  of 
testing  steam  boilers,  described  some  years  ago  by  Dr.  Joule, 
was  forgotten  or  found  to  be  impracticable? 

Dr.  JotiLE  said  that  he  had  taken  pains  to  give  his  method, 
by  which  the  testing  by  hydraulic  pressure  could  be  applied 
with  the  utmost  facility  by  simply  filling  the  boiler  with 
water  and  then  raising  its  temperature  a  few  degrees,  a  very 
extended  publication.  He  believed  that  the  objection  raised 
by  some  to  its  use,  was  the  absurd  one  that  hydraulic  pressure 
injured  the  boiler.  The  very  object  of  a  test  was  to  detect 
•weak  boilers  for  the  purpose  of  strengthening  or  rejecting 


90 

them.  He  was  at  a  loss  for  terms  strong  enough  to  express 
his  opinion  of  the  reckless  disregard  of  life,  or  the  ignorance 
which  resulted  in  the  deplorable  catastrophes  which  were 
constantly  occurring ;  and  he  believed  that  the  only  method 
of  cure  would  be  that  proposed  by  Mr.  Binney  in  the  case  of 
the  explosion  of  firedamp  in  mines,  namely,  that  the  parties 
to  blame  should  be  compelled  to  support  the  widows  and 
orphans  of  their  victims. 

Mr.  Alderman  Pochin  stated  that  he  had  made  use  of 
Dr.  Joule's  plan^  and  found  it  quite  practicable  and  easy  of 
application. 

A  paper  was  read  "On  a  New  Re-agent  for  the  Separation 
of  Calcium  from  Magnesium,'*  by  EDWiiRD  Sonstadt,  Esq. 

When,  in  the  ordinary  course  of  qualitative  analysis, 
carbonate  of  ammonium  is  used  to  separate  calcium  from 
magnesium,  unless  the  former  is  present  in  notable  proportion 
to  the  latter,  a  very  insoluble  double  ogrbonate  of  magnesium 
and  ammonium  always  accompanies  the  carbonate  of  calcium,  if 
this  is  allowed  sufficient  time  to  form.  If  much  magnesium 
and  no  calcium  is  present,  the  magnesium  precipitate  still  falls 
after  a  while.  Both  metals  are  precipitated  by  this  re-agent, 
the  only  difference  being  that  the  calcium  precipitate  forms 
somewhat  earlier  than  the  magnesium  precipitate.  This 
fact  is  cursorily  mentioned  by  Fresenius,  more  fully  by 
Gmelin,  and  has  recently  been  made  the  subject  of  special 
notice  by  Dr.  Dyer.  Calcium,  therefore,  can  only  be  separated 
from  magnesium  by  this  re-agent,  by  fractional  precipitation, 
which  necessarily  involves  loss  of  substance ;  and,  in  quali- 
tative examination,  the  method  is  sure  to  mislead  when  the 
proportion  of  calcium  present  is  small,  unless  it  is  controlled 
by  other  methods.  The  same  remarks  apply  in  substance  to 
the  two  other  methods  of  precipitation  by  sulphuric  acid  and 
alcohol,* and  by  oxalate  of  ammonium.  When  a  moderately 
strong  solution  of  Epsom  salts  is  treated  with  sulphuric  acid  . 
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and  alcohol,  the  solution  is  mostly  converted  into  a  crystalline 
magma;  and  if  it  is  desired  to  separate  a  small  proportion  of 
calcium,  which  we  will  suppose  to  be  present,  the  magma 
must  be  filtered,  dissolved,  and  subjected  to  the  treatment 
again  and  again  to  separate  the  sulphate  of  calcium,  when,  if 
the  quantity  of  that  salt  present  be  very  minute,  it  must  be 
wholly  lost.  Of  course  these  remarks  do  not  apply  to  solu- 
tions of  calcium  and  magnesium  salts  containing  much  of  the 
former,  except  in  a  modified  degree.  What  is  true  of  the 
sulphuric  acid  and  alcohol  process,  is  true  in  a  more  extended 
sense  of  the  oxalate  of  ammonium  process.  I  have  precipitated 
within  a  trace  the  whole  of  the  magnesium  present  in  a 
considerable  quantity  of  solution  of  chloride  of  magnesium, 
simply  by  successive  additions  of  oxalate  of  ammonium, — the 
solution  being  concentrated  to  its  original  bulk  after  the  last 
addition  of  the  re-agent.  Yet,  in  working  with  this  re-agent 
the  rule  is,  that  enongh  of  it  must  always  be  added  to  trans- 
form all  the  magnesium  salt  into  oxalate,  since  oxalate  of 
calcium  is  soluble  in  solution  of  chloride  of  magnesium.  That 
some  magnesium  salt  must  precipitate  with  the  lime  salt 
under  such  conditions  is  obvious ;  and  that  it  does  so  is  well 
known,  and  is,  though  incompletely,  provided  for  by  the 
process  being  directed  to  be  repeated  upon  the  precipitate  first 
obtained.  This  process,  therefore,  is  also  one  of  fractional 
precipitation,  and  for  it  to  approach  success,  the  operator 
must  know  pretty  nearly  beforehand  how  much  calcium,  in 
proportion  to  the  magnesium  present,  he  has  to  deal  with. 
Nevertheless,  it  is  unquestionable  that  in  skilled  hands, 
either  of  the  two  last  processes  is  capable  of  giving  close 
approximations  to  the  truth,  when  the  quantity  of  calcium 
present  amounts  to  a  few  per  cent  of  the  mixed  salts.  When 
the  quantity  of  calcium  is  less  than  1  per  cent,  I  do  not  think 
it  is  possible  to  estimate  it  accurately  by  any  of  these  pro- 
cesses ;  and  when  the  proportion  is  larger,  the  processes  are 
at  least  more  troublesome,  have  a  wider  limit  of  experimental 
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error,  and  are  more  apt  to  fail  in  less  experienced  hands^ 
than  the  analytical  processes  in  use  for  estimating  most  of 
the  other  commonly  occurring  elements. 

In  common  tungstate  of  sodium  we  possess  a  test  for  calcium 
which  is  probably  equal  in  delicacy  and  in  certainty  to  that 
of  chlorine  for  silver,  or  of  sulphuric  acid  for  barium. 

The  action  of  this  test,  in  a  preliminary  examination,  re- 
quires to  be  ascertained — 

(1.)  With  calcium  solutions  alone. 

(2.)  The  presence  of  magnesium. 

(8.)  The  presence  of  magnesium  and  ammonium  salts,  and 
of  these  with  free  ammonia. 

(1.)  The  behaviour  of  tungstate  of  sodium  unth  solutions  of 
calcium  salts.  A  saturated  solution  of  sulphate  of  calcium, 
taken  at  13°  C,  remains  perfectly  clear  on  addition  of  an 
equal  volume  of  a  saturated  solution  of  tungstate  of  soda  for 
a  short  time.  On  warming,  when  the  solution  attains  the 
temperature  of  42°  C,  it  becomes  turbid,  deposits  a  film  upon 
the  containing  glass  vessel,  and  soon  after  a  dense  precipitate 
fells.  To  ascertain  the  limit  of  the  action  of  the  test,  the  solu- 
tion of  sulphate  of  calcium  was  successively  diluted  to  various 
degrees,  and  precipitates  obtained,  uhtil  the  solution  was  so 
dilute  that  it  contained  but  one  part  of  sulphate  of  calcium  in 
114,000  parts  water.  A  few  drops  of  solution  of  tungstate  of 
sodium  were  added,  the  solution  warmed,  and  at  66°  C,  the 
solution  became  distinctly  opalescent.  An  experiment  was  then 
made  on  the  distilled  water  used  for  the  dilution,  but  it  gave 
no  reac^on.  It  was  evident  that  it  was  possible  to  push  the 
attenuation  much  further,  and  yet  get  indications  of  calcium. 
But  this  proportion  (rr^oiri)  is  near  the  limit  at  which  sulphate 
of  calcium  may  be  rendered  distinctly  visible.  A  solution  of 
chloride  of  calcium  behaves  similarly.  Sulphate  of  magnesium 
is  not  precipitated  by  tungstate  of  sodium,  unless  the  solutions 
of  the  two  salts  are  strong.  The  experiments  were  made  with 
a  solution  of  pure  sulphate  of  magnesium,  of  specific  "gravity 
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1'114,  and  containing  11*283  per  cent  of  the  anhydrous 
salt.  The  solution  of  tungstate  of  sodium  was  saturated 
(at  common  temperature),  and  contained  about  one-third 
its  weight  of  dry  salt.  A  mixture  of  equal  parts  of  these 
solutions  gave  no  precipitate  in  the  cold,  but  quickly  crystal- 
lized when  warmed,  the  crystals  being  difficultly  soluble,  and 
leaving  a  very  slight  residue  of  an  insoluble  variety  of  tungstic 
acid,  or  of  some  compound  of  that  acid.  But  when  the 
mixed  solutions  above  described  were  very  little  diluted^  the 
solution  remained  perfectly  clear  at  any  temperature,  until 
the  fluid  was  concentrated  by  evaporation,  when  no  precipi- 
tate, but  clear  crystals  appeared.  It  is  only,  therefore,  in 
very  concentrated  solutions  that  tungstate  of  sodium  gives — 
not  then  a  precipitate — but  crystals,  with  sulphate  of 
magnesium.  The  chloride  of  magnesium  solution  behaves 
similarly,  though  it  was  not  so  closely  examined. 

(2.)  The  behaviour  of  tungstate  of  sodium  with  solutions 
coniaifUng  calcium  and  magnesium.  The  earlier  experiments 
seemed  to  indicate  that  the  presence  of  magnesium  did  not 
at  all  interfere  with  the  precipitation  of  the  calcium.  But  on 
continually  diminishing  the  quantity  of  the  calcium  salt 
while  that  of  the  magnesium  salt  was  kept  constant,  it  was 
found  that  the  latter  exercised  a  very  appreciable  solvent 
power.  The  limiting  experiment  was  as  follows : — ^To  6  cc.  of 
a  solution  containing  7  parts  in  100,000  of  sulphate  of  calciimi, 
were  added  8  cc.  solution  of  sulphate  of  magnesium,  contain- 
ing 11*283  per  cent  anhydrous  salt,  12  cc.  water,  and  a  few 
drops  of  tungstate  of  sodium.  There  were  thus,  in  2,000,000 
parts  of  fluid,  35  parts  sulphate  of  calcium,  and  33,849  parts 
sulphate  of  magnesium — the  remainder  being  water,  except  the 
small  quantity  of  tungstate  of  sodium.  The  reaction  was  not 
visible  till  the  fluid  reached  the  temperature  of  70^  C,  when 
it  became  apparent,  and,  on  putting  it  aside  to  cool,  a  per- 
fectly distinct  film  formed  on  the  glass.  A  similarly  attenu- 
ated solution  of  the  lime  salt,  but  containing  no  magnesium, 
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was  exposed  to  the  same  conditions  with  the  re-agent,  and  the 
reaction  in  the  latter  case  occurred  earlier,  at  a  lower  tem- 
perature, and  was  more  distinct.  Nevertheless,  the  fact 
remains  that,  in  a  mixed  solution  of  the  sulphates  of  calcium 
and  magnesium,  the  presence  of  the  former  may  be  clearly 
detected  up  to  the  proportion  of  about  1  part  in  56,000  of 
fluid  containing  about  1,000  parts  of  magnesium  salt. 
Rougher  experiments  made  with  the  corresponding  chlorides 
led  to  similar  results. 

(3.)  The  influence  of  ammonium  salts  in  obstructing  the 
precipitation  of  calcium  in  presence  of  magnesium  is  very 
marked.  A  calcium  salt,  in  presence  of  a  very  large  proportion 
of  both  magnesium  and  ammonium  salts,  cannot  be  certainly 
recognised  except  somewhere  near  Tr^Wth  of  the  calcium 
salt  be  present  in  solution.  The  influence  of  free  ammonia 
with  sulphate  of  ammonium  and  sulphate  of  magnesium,  in 
like  large  proportions,  is  so  great  as  to  only  just  admit  of  the 
recognition  of  the  calcium  when  from  ^i^-th  to  Tn>V7rth  is 
present.  Nevertheless,  enough,  and  rather  more  than  enough, 
ammoniacal  salt  may  be  present  to  prevent  any  precipitation 
of  magnesium  by  excess  of  ammonia,  and  a  moderate  excess 
of  ammonia  may  also  be  present,  without  sensibly  affecting 
the  estimation  of  the  lime  in  a  quantitative  experiment. 
Chloride  of  ammonium  does  not  dissolve  the  precipitate 
when  it  is  once  formed. 

The  analytical  experiments  on  weighed  mixtures  of  calcium 
and  magnesium  salts,  imperatively  necessary  in  introducing 
a  new  re-agent,  are  not  yet  completed,  most  of  the  experi- 
ments of  this  kind  made  till  now,  having  been  vitiated 
through  ignorance  of  the  conditions  necessary  to  ensure 
success.  I  give,  however,  the  results  of  one  experiment,  the 
conditions  of  which  approached  more  nearly  to  those  I  now 
know  of  as  being  necessary  than  the  others,  reserving  the 
series,  together  with  the  methods  adopted  for  obtaining  pure 
materials  to  work  with,  for  a  second  Paper. 
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TaIcml  WomA. 

Magnesia    0*3097  grms.     0*3120 

Garboaate  of  calcium...  00043  0*0042 

The  weighed  quantities  of  carbonate  of  calcium  and  of  mag- 
nesium were  dissolved  in  a  slight  excess  of  hydrochloric  acid ; 
neutralised  carefully  by  ammonia^  precipitated  by  tungstate 
of  sodium,  and  then  the  filtrate^  with  the  usual  precautions, 
by  common  phosphate  of  sodium.  The  excess  in  the  weight  of 
pyro-phosphate  of  magnesium,  led  to  the  suspidon  that  some 
tungstic  acid  had  been  carried  down;  a  suspicion  amply 
confirmed  by  the  colouration  obtained  from  the  solution  of 
the  ignited  precipitate  in  dilute  hydrochloric  acid  when 
treated  with  tin. 

A  little  in  anticipation  of  my  intended  future  paper  upon 
the  subject,  I  now  add  such  details  respecting  the  manipula- 
tion required  in  separating  lime  ^om  magnesia  by  tungstate 
of  sodium  as  my  experience  has  shown  to  be  necessary.  It  is 
convenient  to  have  the  solution  of  the  magnesium  and 
caldum  salts  made  somewhat  alkaline  by  ammonia,  but  a 
very  large  quantity  of  this,  as  well  as  of  ammoniacal  salt,  is, 
as  we  have  seen,  to  be  avoided.  The  beaker  in  which  the 
precipitation  is  to  be  effected  should,  while  perfectly  dry  and 
warm,  be  rubbed  within  by  chamois  leather  on  which  a  drop 
or  two  of  fine  oil  (such  as  is  used  for  oiling  balances)  has 
been  put.  If  this  precaution  be  not  taken,  it  will  be  found  im* 
possible  to  detach  the  precipitate  of  tungstate  of  calcium  from 
the  sides  and  bottom  of  the  vessel.  A  considerable  excess  of 
the  re-agent  is  not  necessary ;  but,  if  it  occur,  is  not  material. 
If,  on  addition  of  the  re-agent,  a  white,  floculent  precipitate 
forms  immediately,  it  is  well  to  add  a  few  drops  of  ammonia, 
when  the  floculent  precipitate  will  re-dissolve,  but  if  it  does 
not  re-dissolve,  after  warming,  there  is  some  other  element 
present,  which,  if  ordinary  Epsom  salts  are  used  will  probably 
be  manganese.  The  tungstate  of  calcium  precipitate  is  very 
dense;  it  forms  slowly  in  very  dilute  solutions,  and,  in  all 
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cases^  several  hours  should  be  allowed  for  it  to  form.  The 
solution  should  be  warmed  meanwhile,  but  must  not  be 
allowed  to  boil.  The  precipitate  must  be  washed  till  the 
filtrate  shows  no  cloudiness  on  standing,  with  nitrate  of  silver 
when  the  salts  are  chlorides ;  or,  if  they  are  sulphates,  till 
chloride  of  barium  gives  no  cloudiness.  The  precipitate  must 
then  be  further  washed  with  dilute  solution  of  ammonia,  but 
these  washings  need  not  be  saved.  The  filter  should  be 
burnt  separately,  after  the  precipitate  is  cleared  from  it  as 
nearly  as  possible.  After  the  ignited  precipitate  is  weighed, 
a  little  strong  solution  of  ammonia  should  be  poured  upoi^  it^ 
and  allowed  to  stand  for  awhile^  when  the  ammonia  ia 
decanted,  and  supersaturated  with  acid.  If  a  precipitata 
falls  after  a  time,  the  ti^ngstate  of  calcium  precipitate  should 
(without  being  removed  from  the  crucible)  be  allowed  to 
stand  for  some  hours  with  more  ammonia — it  is  then  washed 
by  decantation,  again  ignited,  and  weighed.  The  ignited 
precipitate  should  be  perfectly  white. 

fhe  filtrate,  containing  the  magnesium  salt  and  tungstate 
of  sodium,  may  be  at  once  precipitated  by  phosphate  of  sodium 
in  the  usual  way,  but  if  this  is  done,  much  washing  is  required 
to  get  rid  of  the  little  tungstic  acid  that  adheres  obstinately 
to  the  precipitate.  It  is  better,  especially  when  a  great  excess 
of  the  re-agent  baa  been  used,  to  first  precipitate  the  tungstic 
acid,  by  a  considerable  excess  of  hydrochloric  acid,  and  boU 
until  the  precipitate  becomes  dense  and  intensely  yellow. 
The  6(4ui;iQ^  is  then  filtered,  supersaturated  with  ammonias 
and  the  magnesia  precipitated  in  the  usual  way ;  but,  even 
ii)  this  case,  it  is  better  to  wash  lastly  with  stronger  ammonii^ 
solution  than  ordiavy* 
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MICROSCOPICAL    SECTION. 

January  16th^  1865. 

J.  Stdebotham,  Esq.^  President  of  the  Section^ 
in  the  Chair. 

BehUntiam  and  Pr^eiUationB. 

A  box  of  two  dozen  slides  of  botanical  specimens^  beanti* 
fnlly  mounted,  presented  to  the  Section  by  Mr.  J.  E.  Whalley. 

Specimens  of  carbonate  of  magnesia  from  Greece ;  the 
surfaces  showing  very  delicate  dendritic  markings  of  oxide 
of  manganese,  well  seen  under  the  mferoeeope.'^Mr.  A. 
Brothers. 

A  "fine  specimen  of  Polyporus  versicolor. — Mr.  Qrindon. 

A  set  of  mounted  specimens  of  leaves  Afom  the  sovth  of 
Europe  and  the  Rocky  Mountains,  showing  curious  and 
novel  markings. — Mr.  W.  H.  Heys. 

Cfommunications, 

The  foUovring  note  from  Mr.  Dancer,  addressed  to  the 
President  of  the  Section,  was  read : — 

'*  Sift, — I  beg  to  fl[tate  that,  since  our  last  meeting,  I  have 
carefully  examined,  with  various  powers  of  die  mierosoope, 
the  cotton  hafars  t«rhHst'«ndetgomg  dJfvolntkm  in  Sdk#ei9er'« 
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Ammoniacal  Solution  of  Copper.  I  am  inclined  to  the  belief 
that  cotton  hairs  do  not  contain  spiral  vessels  properly  so- 
called.  I  think  that  the  spiral  apparatus^  which  has  been 
described  by  Mr.  C.  O'Neill  and  Mr.  Heys  as  spiral  vessels, 
can  be  clearly  traced  to  a  mechanical  action  which  the 
solvent  exerts  on  the  vegetable  cell.  At  some  future  time  I 
hope  to  illustrate  this  to  the  Section. — Yours  truly, 

''J.  B.  Dancbb.*' 

Mr.  Hbts  explained  that  he  had  not  intended  to  describe 
the  cotton  hairs  as  containing  spiral  vessels,  in  the  botanical 
sense  of  that  term,  but  had  spoken  of  the  appearance  within 
them  as  that  of  a  spiral  thread. 

Mr.  Watson  read  a  communication  ''On  the  Plumules  or 
Battledore  Scales  of  the  Lycsenidse/'  in  which  he  showed  that 
they  will  serve  the  purposes  of  identification  by  exhibiting 
generic  and  specific  alliances,  and  differences  similar  to  those 
found  in  the  plumules  of  the  Pieridse,  described  by  him  in  a 
previous  paper.  Fifty-three  figures  of  the  plumules,  drawn 
by  Mr.  Sidebotham^  were  shown  as  illustrations  of  the  sub- 
ject. He  said  the  points  he  desired  to  insist  upon  as  likely 
to  ^be  useful  in  this  investigation  were — ^That  the  plumules 
are  always  identical  in  individuals  of  the  same  species,  and 
mere  varieties  can  therefore  be  detected  by  this  test ;  and 
that,  in  very  closely-allied  species  which  are  difficult  of 
distinction  by  the  more  ordinary  characters,  these  scales  will 
often  be  found  to  be  different. 

Mr.  SiDEBOTHAH  read  ''Notes  on  the  Development  of  the 
Wings  of  Lepidopterous  Insects.''  He  said  that  their  great 
and  rapid  increase  of  size  soon  after  the  insect  emerges  from 
the  chrysalis  is  caused  by  air,  taken  in  through  the  spiracles, 
being  sent*into  the  vessels  of  the  wings ;  the  membrane  is 
expanded  in  consequence,  and  the  scales,  which  were  before 
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pac)ced  under  each  other  as  closely  as  possible^  are  made  to 
slide  out  until  they  remain  in  the  fully  developed  wing  like 
the  tiles  of  a  roof.  He  exhibited  preserved  specimens  of  the 
Currant  moth  and  the  Tiger  moth,  with  the  wings  both  in 
their  small  and  in  their  expanded  state,  also  a  coloured 
sketch  of  one  of  them,  and  it  was  seen  that  in  the  unexpanded 
state  the  wings  lie  flat  without  any  folding,  and  all  their 
markings  are  a  correct  representation  in  miniature  of  what 
they  ultimately  become. 


January  SOth,  1865. 

J.   SiDEBOTHAM,  EsQ.,  President  of  the  Section, 
in  the  Chair. 

* 
Exhihitums  and  Presentations. 

Two  powers  for  the  Microscope  (Jin.  and  iin.),  made  by 
Mr.  Dancer,  presented  to  the  Section  by  the  Right  Kev.  the 
Lord  Bishop  of  Manchester. 

Remains  of  an  Ichthyosaurus. — ^T.  Alcock.  The  points 
noticed  were  the  bones  situated  in  the  triangular  space 
enclosed  by  the  lower  jaw,  which  were  well  shown  as  the 
creature  lay  on  its  back;  a  broken  rib  reunited  during  life; 
the  numerous  small  bands  of  bone,  three  or  four  correspond* 
ing  with  each  rib,  encircling  the  body  in  front ;  remains  of 
skin  in  various  parts;  and,  in  the  situation  of  the  stomach,  a 
layer  of  minute  teeth  and  fragments  of  scales,  the  remains  of 
food  taken  during  life» 
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Mountain  Limestone  fbesils  from  Clitfaetoe.  A,  new 
Rhynchonella  not  yet  specrfically  named;  many  beautiful 
Ipecimena  of  Crania ;  and  a  set  6f  extreme  rarieties  of  Orthis 
resuplnata.'^Mr.  Parker. 

Double  feathers  from  pheasant.^ — Mr.  Latham. 

A.  set  of  the  photographs  of  Dinomis  in  the  York  Museum. 
Dried  specimens  of  the  male  flowers  of  Auouba.-^Mr.  Grindon. 

Commtmications. 

Dr.  Alcock  read  ^'  Notes  on  a  Visit  to  Walton  Hall/' 
with  remarks  on  Mr.  Waterton's  method  of  preserving 
animals. 

Dr.  Carrikgton  read  communications  ^'  On  an  Annelidan 
Larva,"  and  *^  On  the  Embryology  of  Annelids.'* 
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Ordinary  Meetis^^  February  ZUt,  186S. 


R.  AJXQVfk  SujTH,  PhJ>.^  F.B.Si9  &c.^  Frendent^  in 
the  Chair. 


Mr.  ThomaS'Wortbington  was  elected  anDrdinaryMembe]^ 
of  the  Society. 


M.  Breguet^  of  Faris^  exhibited  and  explained  the  con- 
struction of  Dumas^  lamp  for  use  in  coal  mines^  the  prindple 
of  which  consists  in  the  employment  of  the  light  from  a 
Geissler's  vacuum  tube^  excited  by  a  small  RuhmkorfTs 
induction  coil. 


Professor  Boscoe  stated  that  he  had  very  frequently  been 
asked  for  information  respecting  the  mode  of  preparing  the 
sealed  bulbs,  containing  exactly  equal  volumes  of  chlorine 
and  hydrogen  gases,  which  he  employed  for  exhibiting  the 
chemical  combination  of  these  gases  eflfected  by  the  action  of 
light,  and  as  the  successful  preparation  of  these  bulbs  depends 
upon  exactly  observing  certain  minute  conditions,  he  ventured 
to  submit  the  following  particulars  to  the  Society.  The 
apparatus  needed,  consists  of  a  stout  tube  or  narrow  bottle  of 
about  120  cubic  centimetres  capacity,  fitted  with  a  caoutchouc 
stopper  with  three  holes  bored  through  it.  Into  one  of 
these  holes  a  vent  gas  delivery  tube  passes,  on  to  which  three 
sfnall  wash  bulbs  are  blown ;  into  the  other  two  holes  are 
inserted  the  rounded  ends  of  two  lengths,  of  the  gas  carbon^ 
PBOOiBDDres  Lrc.  &  Phil.  Sooistt— Yol.  IY.— No.  11.— Simiok  1864-5. 
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commonly  used  as  terminals  for  the  electric  lamp;  these 
poles  are  of  such  a  length  that  they  pass  to  the  bottom  of  the 
glass  bottle.  This  is  then  filled  with  strong  aqueous  hydro- 
chloric  acid  containing  about  30  per  cent  of  the  anhydrous 
acid;  the  stopper  in  the  poles  and  wash  bulbs  containing 
a  few  drops  of  water  is  then  fixed  into  its  position^  and  the 
evolution  vessel  placed  in  a  beaker  of  cold  water  whilst  con- 
tact is  made  vrith  the  terminals  of  four  ordinary  sized  Bunsen's 
cells^  the  wholQ  apparatus  being  placed  in  a  dark  room.  The 
mixed  gases  at  once  begin  to  be  given  off,  and  ought  to  pass 
through  the  wash  bulbs  at  the  rate  of  about  two  bubbles  per 
second.  It  is  absolutely  necessary  that  the  gas  be  allowed  to 
come  off  at  this  rate  for  three  hours*  before  it  is  collected^  as 
up  to  this  time  it  does  not  attain  a  sufficient  degree  of  .purity 
and  sensitiveness,  whilst  after  the  lapse  of  this  time  it  is 
generally  found  to  be  fit  for  use.  In  order  to  absorb  the 
excess  of  chlorine^  the  waste  gas  may  be  led  into  a  condenser 
containing  slacked  lime  and  charcoal  in  alternate  layers.. 
When  the  evolution  has  gone  on  for  the  above  mentioned 
time  a  bulb  tube,  connected  by  caoutchouc  joinings,  is  placed 
between  the  evolution  vessel  and  the  condenser,  and  the  gas 
allowed  to  pass  through.  The  bulbs,  which  are  made  of 
fusible  glass  tubing,  are  blown  about  the  size  of  a  hen's  egg, 
and  so  thin  that  they  easily  break  when  pressed  with  the 
finger.  At  each  side  of  the  bulb  the  tube  is  drawn  out  so  as 
to  be  very  thin  in  the  glass,  and  to  leave  the  internal  diameter 
not  less  than  1mm.,  whilst  at  the  extremities  the  tube  is 
wider  so  as  to  fit  ordinary  joinings.  When  the  gas  has 
passed  through  the  tube  for  about  ten  minutes,  the  joinings 
are  loosened  and  each  end  stopped  with  a  piece  of  glass  rod. 
The  bulb  tube  thus  closed  is  then  removed  from  the  evoluting 
vessel,  and  the  thinnest  part  of  the  tube  brought  some  little 
distance  above  a  very  small  Bunsen's  flame ;  the  glass  then 
softens  below  a  red-heat,  and  the  ends  may  be  drawn  out  and 

«  See  Bonaen  and  Bosooe,  Photochemical  BeeearoheSi  1857,  p*  865. 
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sealed  with  safety.  It  is  advisable  to  number  the  bulbs^  and 
to  test  the  first  and  last  by  exposing  them  to  a  strong  light. 
Frequently,  in  spite  of  every  precaution,  the  gas  explodes 
during  the  act  of  sealing,  so  that  in  this  operation  it  is  advi- 
sable to  hold  the  bulb  with  a  cloth  rather  than  in  the  open 
hand.  As  soon  as  one  bulb  tube  is  removed  another  iB 
placed  in  connection  vrith  the  evolution  flask,  and  after  ten 
minutes  sealed  as  described.  The  above  quantity  of  acid 
will  serve  for  the  production  of  sixty  bulbs.  Thus  prepared 
the  sealed  bulbs  may  be  bept  in  the  dark  for  any  length  of 
time  without  injury ;  some,  which  were  known  to  have  been 
made  more  than  a  year,  were  found  to  be  perfectly  good.  To 
explode  these  bulbs  it  is  only  necessary  to  expose  them  to 
diffuse  daylight  or  sunlight,  when  the  combination  occurs 
instantly.  Of  artificial  lights  the  bright  flash  produced  by 
the  combustion  of  the  vapour  of  bisulphide  of  carbon  in  nitric 
oxide  is  most  effective;  but  the  light  of  burning  magnesium 
wire,  of  phosphorous  in  oxygen,  or  the  electric  light,  answers 
perfectly  well  Professor  Roscoe  stated  that  Mr.  Dancer,  of 
Cross  Street,  had  undertaken  to  supply  the  bulbs  to  persons 
unable  to  prepare  them. 

A  paper  *'0n  a  new  form  of  roof  for  Dyehouses,''  by  Mr. 
John  Thom,  was  read,  commimicated  by  the  President. 

The  object  of  the  present  communication  is  to  describe  the 
construction  of  a  roof  for  buildings  in  which  there  is  a  good 
deal  of  vapour,  so  as  to  produce  the  minimum  amount  of  con* 
densation  of  such  vapour  inside  the  buildings,  and  thus  avoid 
the  production  of  drops,  as  well  as  the  minor  evil  of  an 
obscure  atmosphere.  Any  one  practically  acquainted  with 
dyeing  processes  knows  well  the  loss  which  arises  from  these 
two  evils.  In  all  cases  that  I  have  seen^  except  where  the 
dyehouse  was  the  lower  flat  of  a  series,  and  where,  of  course, 
the  covering  of  the  dyehouse  was  the  floor  of  the  room  above, 
the  roof  of  a  dyehouse  is  made  about  the  tisual  angle  or 
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pitch  of  an  ordinary  Hbtdlding  supplemented  with  openings^ 
•and  these  openings  on  different  plans^  for  allowing  the  steam 
or  Tapoiir  to  escape.    The  usual  one  being  made  thus : — 


This  form  seems  to  send  out  a  large  amount  of  steam  or 
vapour  from  the  quantity  of  cold  air  which  is  mixed  with  the 
vapour  inside  and  escapes  with  it.  If  one  watches  the  action 
of  the  cold  air  and  vagour  in  this  form  of  roof,  it  will  be 
observed,  that  the  cold  air  comes  in  by  all  the  windward 
openings,  strikes  the  hot  moist  air  or  vapour,  drives  parfr  out 
and  forces  a  great  part  down  into  the  building.  I  found  by 
taking  off  the  side  lifts,  and  leaving  only  the  top  ones,  that 
an  improvement  was  effected.  Still,  however^  the  same  evils 
were  produced  by  the  top  louvre  boards,  although  in  a  less 
degree,  owing  to  a  less  quantity  of  cold  air  being  admitted. 

I  also  tried  removing  the  top  cover,  hood,  or  louvre  boards, 
and  contracting  the  opening,  leaving  tliree  feet  all  along  the 
top  of  the  roof  without  any  cover  whatever ;  and  this,  in 
spite  of  the  admission  of  rain,  I  found  to  be  the  best  of  the 
old  form.  Even  vnth  this,  however,  we  had  always  drops 
and  an  dbscure  atmosphere,  except  in  bright  dry  days.  But 
witih  tiiis  form  the  number  of  drops  were  less  and  the  building 
clearer  than  with  so  many  openings. 

Wifli  the  old  form  of  roof  the  most  successful  plan  of  keep- 
ing the  building  free  from  vapour  or  drops,  is  to  cover  over 
every  vessel  from  which  vapour  arises,  and  to  have  a  tube 
passing  from  each  cover  quite  through  the  roof.  But  this 
plan  lias  several  objections  to  it ;  the  chief  being,  that  owing 
to  the  boxing  in  of  the  winces^  &c.,  one  does  not  see  how  the 
goods  are  going  on,  and  whether  the  processes  are  being  con- 
ducted successfully  or  not.     Tbe  workmen  also  aggravate 
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this  evil^  by  aToiding  as  much  as  possible  the  opening  of  the 
covers  or  boxes  to  see  the  goods,  on  account  of  the  blast  of 
steam  which  issues  out  when  an  opening  is  made.  I  have 
twice  fitted  up  such  covers  and  tubes  to  all  our  dyebecks,  and 
both  times  have  been  obliged  to  remove  them.  The  last 
time  I  fitted  them  up  I  made  for  the  front  a  light  frame  with 
canvass,  and  this  could  be  raised  by  a  cord  and  pulley,  so  as 
to  allow  the  man  to  avoid  the  steam  when  he  opened  the 
box. 

Being  dissatisfied  with  all  the  plans  I  had  tried  of  getting 
rid  of  the  vapour,  I  determined  to  try  a  new  roof. 

Now,  if  all  idea  of  the  old  form  of  roof  is  laid  aside,  and 
it  is  asked  what  it  is  that  is  really  wanted,  the  conclusion 
will  be  that  condensation  of  the  vapour  must  be  avoided;  that 
the  less  air  admitted  the  better,  and  that  the  air  be  admitted 
under  the  vapour  and  pass  with  it  in  the  same  direction,  out 
of  the  building,  mixing  as  little  as  possible  with  it.  The 
admission  of  air  must  be  at  the  command  of  the  foreman  of 
the  building,  and  the  roof  should  be  at  such  a  pitch  that  if 
drops  be  condensed  on  it  they  should  not  fall;  but  trickle 
along  the  spar  or  glass  into  the  gutter  made  to  receive  them. 

Adjoined  is  a  sketch  of  the  plan  which  I  have  ultimately 
adapted  to  effect  these  objects. 


A  A  becks  along  the  sides.  B  louvre  boards  which  can  be 
opened  or  shut  to  admit  air.  0  C  openings  for  escape  of  hot 
vapour,  having  the  same  number  of  feet  of  opening  as  surface 
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of  hot  water.  D  D  boards  which  catch  rain  drops  from  un- 
protected part  of  roof.  F  part  for  assorting  goods,  &c.  All 
the  roof  is  timber  and  glass;  there  are  no  slates. 

By  this  plan  the  opening  for  emission  of  steam  is  as  small 
as  can  be  allowed,  and  all  the  air  necessary  is  admitted  at 
the  proper  place,  and  in  such  quantity  as  may  be  desired. 
This  roof  has  now  been  at  work  in  summer  and  winter,  and 
a  drop  has  never  been  seen  to  fall  from  it  except  sometimes 
from  gutter  E  E,  and  this  being  invariably  in  one  place  it  is 
of  no  consequence.  Exoept  in  unusually  close  weather,  the 
whole  place  is  quite  free  from  condensed  vapour.  The  men 
are  all  dry  and  comfortable,  instead  of  being  stifled  with  the 
hot  vapour  and  drenched  with  drops  as  they  formerly  were 
before  this  new  form  of  roof  was  tried.  There  are  many 
details  which  I  cannot  describe  here,  but  which  I  show  on 
the  model  and  drawings.  Modifications  would  be  required 
for  different  arrangement  of  becks;  but  the  same  principle 
could  always  be  carried  out. 

A  paper  was  also  read  ^^  On  the  Action  of  Caustic  Soda  on 
Ethylic  and  Methylic  Alcohol,"  by  Mr.  A>  Mylius,  commu- 
nicated by  Dr.  E.  Schunck,  F.R.S. 

Schunck's  experiments  concerning  the  action  on  indigo 
blue  of  acetate  of  soda,  caustic  soda,  and  alcohol,  first  led  me 
to  examine  in  his  laboratory  the  influence  of  caustic  soda  on 
alcphol  and  methylic  alcohol  in  sealed  tubes. 

I  obtained  in  each  case  a  resin,  differing  considerably  from 
the  resinous  body  which  is  obtained  by  boiling  an  alcoholic  . 
solution  of  caustic  soda  for  some  time  at  the  ordinary  pressure 
and  then  precipitating  by  an  acid.  This  so-called  aldehyde- 
resin  has  a  different  composition  according  to  the  proportion 
of  acid  employed  in  its  preparation,  so  that  I  think  it  not 
improbable  that  it  may  be  composed  of  two  resins.  Its  colour 
is  dark  brown,  and  it  is  soluble  in  alkali. 

On  heating  the  same  solution  for  some  time  in  sealed  tubes, 
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80  as  to  obtain  increased  pressure,  there  is  formed  by  the 
influence  of  the  alkali  a  resin  which  is  insoluble  in  alkali.  In 
a  short  time  the  liquid  becomes  red,  and  on  the  addition  of 
water  the  resin  is  precipitated,  the  liquid  becoming  colourless. 
This  takes  place  also  when  methylic  alcohol  is  employed. 

The  resins  thus  formed  are  of  a  red  colour. 

After  filtration  and  washing  with  wat^r  the  resin  was  dis- 
solved in  alcohol,  and  the  residue,  after  evaporation,  dried  at 
100**  C.  When  cold  these  resins  are  hard  and  brittle,  but 
they  have  no  crystalline  structure.  They  are  soluble  in 
alcohol  and  ether.  The  resin  formed  from  methylic  alcohol 
melts  at  69^  C,  the  other  at  65^  C.  The  odour  of  the 
former  is  like  that  of  cedar  wood,  while  that  of  the  latter 
more  resembles  the  sme^  of  oranges.  In  general  there  is  a 
great  resemblance  between  these  resins  and  the  natural 
resins,  such  as  copal,  &c.  Inp»employing  methylic  alcohol 
the  formation  of  the  resin  takes  place  much  more  easily, 
and  a  greater  quantity  of  product  is  obtained.  I  tried  in 
various  ways  to  decolorise  the  resins,  but  did  not  succeed. 

Through  the  alkaline  liquid  filtered  from  the  resin  a  cur< 
rent  of  carbonic  acid  was  passed^  then  it  was  evaporated,  and 
the  saline  residue  having  been  treated  with  sulphuric  acid  in 
excess,  the  liquid  was  distilled.  The  distillate  was  acid; 
silver  solution  was  reduced  by  it  in  an  instant,  so  that  there 
was  little  doubt  pf  the  presence  of  formic  acid  (but  the  pecu- 
liar smell  of  propionic  acid  could  not  be  perceived). 

From  the  analysis  it  must  be  inferred  that  the  two  resins 
have  the  same  composition ;  but  still,  as  their  properties  are 
not  identical,  I  think  they  are  only  isomeric. 

The  analysis  afforded  the  following  results : 

I.  0'1860  grm.  (methylic  ale.)  gave  0*6080  grm.  carbonic 
acid  and  0*1*550  grm*  water. 

II.  0*2465  grm.  (methylic  ale.)  gave  0*6795  grm.  carbonic 
acid  and  0*1965  grm.  water. 

III.  0*2090  grm.  (ethyUc  ale.)  gave  0*5745  grm.  carbonic 
add  and  0*1590  grm.  water. 
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-     IV.  01805  grm.  (ethylic  aic.)  gave  0-49d0  grm.  carbonic 
acid  and  0*1330  gnn.  water. 
These  numbers  lead  to  the  following  composition : 

III.  IV. 

..  74-97  74-95 


I. 

II. 

c... 

..  74-60  ... 

...  T6-10 

H.... 

..     8-90  ... 

...    8-85 

0.... 

..  16-60  ... 

...  16-0» 

8-95  8*26 

16-08  16-7« 


100-00  100-00  10000  100*00 

The  formula  C^  Hg  Oj  with  which  they  correspond  requires 
in  100  parts 

C 75-00 

H 8-40 

0 16-60 


100-00 


The  formation  of  the  resins  from  the  alcohols  might  per' 
haps  be  explained  by  assuming  that  aldehyde  is  formed  by 
the  oxidation  of  alcohol,  and  then  by  simpk  loss  of  water  the 
aldehyde  would  be  converted  into  resin,  since 

3(C,  H,  0,)-4H0  =  Cr,  He  0,. 

But  the  formic  acid  in  this  case  would  not  stand  in  any 
relation  to  the  resin,  and  even  the  formation  of  the  resin  from 
methylic  alcohol  could  not  easily  be  explained. 

If  we  adopt  the  formula  C^  Hu  O4,  which  requires  74*28 
per  cent  carbon  and  9*10  per  cent  hydrogen,  we  must  assume 
that  carbonic  and  formic  acid  are  taken  up  by  the  alcohol, 
though  it  is  very  doubtful  whether  these  acids  could  separate 
from  a  strong  base  like  soda  in  order  to  form  a  neutral  resin. 
The  following  equations  will  show  what  may  be  imagined  to 
take  place  in  this  case : 

5(a  He  0,)  +  C,  O4  +  C,  H,  04-0,4  H„  O4  +  I4  HO. 
10(0,  H4  0^)  +  C|  O4  +C^  H,  04-^0,4  Htt  O4  +  24  HO. 


109 

Taking  two  atoms  of  water  from  Cu  Hg  0|,  the  formula  of 
benzole,  Cu  Hey  remidns.  I  tried  to  form  this  carbo-hydrogen 
by  distilling  the  resin;  the  distillate  had  a  strong  smell  of 
carbolic  acid ;  I  acted  on  it  with  nitric  acid ;  oxidation  took 
place  immediately  after  the  addition  of  the  acid.  I  -now  added 
water^  which  gave  a  yellow  deposit.  I  dissolved  the  latter 
in  alcohol,  but  on  evaporating  the  alcohol  I  obtained  a  resin 
of  the  same  appearance  as  the  original  one.  Nitrobenzole 
had  not  been  formed. 

The  two  resins  are  of  a  constant  composition,  which  is 
proved  by  the  accordance  between  the  third  and  the  fourth 
analyses,  which  were  made  with  specimens  prepared  at 
different  times. 

In  order  to  ascertain  whether  formic  or  acetic  acid  takes 
part  in  the  formation  of  the  resins,  I  made  two  other  experi- 
ments. In  one  case  I  added 'acetate  of  soda  to  the  caustic 
soda  and  alcohol,  and  in  the  second  case  formiate  of  soda.  I 
analysed  the  products,  and  arrived  at  the  following  results : 

L  0*2050  grm.  (acetate  of  soda)  gave  0*6190  grm.  carbonic 
acid  and  0*1625  grm.  water. 

n.  0*2255  grm.  (acetate  of  soda)  gave  0*6800  grm.  car* 
bonic  add  and  0*1745  grm.  water. 

These  numbers  lead  to  the  following  composition : 

L  n. 

C 82*37    82*34 

H 8-80    8*58 

0 8*83    9*18 

100*00  100*00 


The  fonaiila  Cm  Hu  0|  requires 
C 

83-90 

H 

0 

8-91 
819 

100-00 


lid 

XssuiSing  thiCt  acetic  acid  is  necesiar^  for  tile  feyiatioii  of 
tHiA  resin;  whicli  differs  from  tKe  products  obtained  wim^iit 
tiie  actctition  ol^  ihl  aceUtd^  the  following  equatloii  ^ill  ilibw 
tiie  ttray  in  wtiioh  tlie  resin  has  IJeen  formed : 

4(04  He  0,)  +  8(Ci  H,  04)  =  C«  H„  0,  +  i8  HO. 

K  employing  formiate  of  soda  I  obtained  a  reslii  of  &i% 
8&iiie  coBipbsitioii  as  that  produced  ^heh  tio  fohfiitltd  ^a^ 
present. 

0-SiOO  grm!  gaig  0*5t95  ^rm.  carbonic  acid  and  0*ldio 
grmi  water  ^T5*B5  per  ceiit  cdrbbh  ieldd  8*57  ^^r  c6&t 
hydrogeiil 

The  inyesligation  has  therefore  led  to  the  discovery  6f  tlie 
following  lactB  i 

^1)  The  resins  wliich  ire  bbtainfed  b^  tfilj  action  of  caustit 
sbdd  on  elhylic  aiid  isietUylic  alcohol  in  sealed  tdlies  diffiii: 
from  tne  resin  that  ii  formed  bjr  the  siame  sub^taiicek  at  the 
ordinAt^  pressure  id  b^eri  vee^ls. 

(5)  Hethylic  anti  elhjrlic  dlcohol  pr6d\icfe  reslni  V[  tiie 
same  composition. 

(8)  fl^iac^diilbrmed. 

(4)  When  acetate  of  8od&  S  atRG»  l^  raiaitSi|  i«i!)i 
diflRsrs  in  1ft  ciffi^ctnudSi. 


Ill 


pibTb)G^]fti^iIO  ^ioTibi*. 

January  5th^  1865. 

ToSEJ^H  diBBBOTHAM^  EsQ.^  in  i\xe  Cliair. 

Mr.  E.  C.  Buxton  was  elected  ail  Ordinary  Member. 

Some  enlarged  photographis  by  Dr.  Van  Mdhkhoveii  were 
exhibited*  The  original  negatives  wbr6  foUr  ibcli6&  I34uat^^ 
and  some  of  the  enlargements  upwards  of  forty-fouL  inches. 


Some  specimens  of  pRUDramtc  pictures  taken  by  Mr.  J.  R. 
Johnson  with  his  pantascopic  camera  were  exhibited.  In 
this  camera  the  lens  turns  on  its  optical  centre^  depicting 
the  objects  composing  the  view  on  the  screen  or  coUodionised 
film^  which  moves  tangentially  in  a  contrary  direction  to  the 
motion  of  ihe  len^  and  thus  sucoessivB  portions  of  the  view 
are  received  by  successive  pcnrtions  of  the  moving  plate. 

Mr.  DikckE,  F.R.A.S,,  read^  papier  "  On  the  exWMtion, 
st6i*eosco^cally,  of  Photographjr  on  a  large  sdale."  Diagrktris 
were  MLhibifed  of  the  single  imaige  prism  st:ere<)bco^^  the 
doutilb  t€tlie(l&f^6tSe^cMco^,  kttd  l3fb  opei^  ^lass  sMM8c(fp6 
instruments  devised  ^  ^  bkVld  8tbw8<^1ifr  "tttfOilg  ISh- 
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ocular  pictures  for  the  use  of  lectures,  &c.  Some  beautiful 
stereoscopic  transparencies  were  cut  in  two^  and  each  half 
placed  in  its  position  in  oxhydrogen  lanterns  mounted  with 
achromatic  object  glasses.  The  half  stereographs  were  then 
projected  in  juxtaposition  on  a  long  screen^  and  to  realize 
the  proper  stereoscopic  effect^  the  members  were  supplied 
with  achromatised  prismatic  stereoscopes  which  had  been 
prepared  expressly  for  the  purpose.  Mr.  Dancbb  made  some 
remarks  on  the  perfection  which  the  lenticular  stereoscope 
had  attained  by  the  employment  of  achromatic  lenses,  and 
urged  thenecessity  of  photc^aphers  and  opticians  agreeing 
to  uniform  foci  for  the  lenses  of  stereoscopic  cameras  and 
stereoscopes,  as  it  was  only  by  viewing  the  pictures  with 
lenses  of  equivalent  foci  to  those  with  which  they  were  taken 
that  they  got  a  truthful  representation.  If  that  rule  were 
observed,  the  objects  would  have  the  same  apparent  magni- 
tude as  they  would  have  to  the  eyes  of  a  person  standing  on 
the  spot  from  whence  the  view  was  photographed ;  that  well 
known  rule  was  too  frequently  forgotten* 


February  Snd,  1866. 

J.  P.  JoTTLB,  LL.D.,  F.E.S.,  Vice-President  of  the 
Section^  in  the  Chair. 

Mr.  A.  Brothbrs,F.B.A.S.,  exhibited  a  stereoscopic  picture 
of  the  Blue  John  Mine  in  Derbyshire,  which  he  had  taken  by 
aid  of  the  magnesium  light,  giving  an  exposure  of  five  minutes. 
The  negative  was  slightly  fogged,  owing  to  the  lenses  not 
having  been  wiped  when  descending  from  the  colci  atmos- 
phere of  the  surface  into  the  mine,  which  is  some  3  to  400 
feet  below  it.  The  dense  fumes  of  magnesia  cauised  by  so 
long  an  exposure  prevented  another  trial. 
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Dr.  Joule  exhibited  a  camera^  which  was  an  improvement 
on  the  one  described  in  the  Photograt)hic  Notes,  September, 
1856,  The  body  of  the  camera  consists^of  a  mahogany  box 
holding  a  wide  glass  bottle,  which  is  made  use  of  to  hold  the 
silver  solution.  The  plate  is  sensitised  by  turning  the 
camera  on  its  back,  which  causes  the  nitrate  of  silver  to  flow 
over  it 


Mr.  MoNTSFioRB  described  some  experiments  which  he 
had  made  for  enlarging  negatives  by  aid  of  the  magic  lantern, 
using  magnesium,  wire  for  the  illuminating  power.  The 
wire  had  been  found  to' bum  very  steadily  in  a  jet  of  ordinary 
gas. 

Mr.  A.  Brothers,  F.B. A.S.,  read  a  paper  entitled  *'  Was 
Daguerre  a  Discoverer?" 


Mr.  SiDEBOTHAM  read  a  paper  "  On  the  proper  focus  of 
lens  to  be  used  in  taking  photographic  landscapes,  also  on 
some  modes  o^measuring  the  size  of  objects  therein  depicted.*' 

The  object  of  the  paper  was  to  show  that  neither  lenses  of 
very  long  or  very  short  focus  give  correct  perspective,  the 
former  making  distant  objects  appear  too  near^  and  the  latter 
just  the  contrary.  Lenses  of  less  focus  than  7  inches,  and 
greater  than  14,  make  this  defect  painfully  visible. 

The  latter  portion  of  the  paper  advocated  the  placing  a 
rod  or  mark  of  such  a  length,  and  in  such  a  position  in  the 
picture,  that  it  could  be  used  as  a  scale  of  measurement  for 
the  principal  objects.  Also  that  a  correct  scale  be  made  for 
each  focus  of  lens,  by  placing  poles  of  measurement  at  the 
distance  of  100  yards  apart,  and  marking  each  10  yards 
distance  from  the  camera,  so  that  when  once  the  scale  was 
formed,  all  photc^aphs  taken  by  that  focus  of  lens  (the 
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4ist^ce  of  objects  being  known)  their  size  could  be  measured; 
or  their  size  being  known  their  distance. 

The  author,  also  explained  the  mode  of  obtaining  the 
exact  measurement  of  objects^  by  laying  divided  scales 
lengthways  and  across^  so  that  any  person  could  verify  the 
^e$isurei?aen|;  j&om  the  phptograph  without  risk  of  error. 
This  had  been  suggested  to  the  Astronomer  Royal  for  Scot- 
landy  Professor  Smyth^  who  was  at  present  in  Egypt^  taking 
measurements  of  certain  portions  of  the  interior  of  the  great 
Eyramid^  and  extracts  irom  some  of  his  letters  were  read^ 
approving  die  same;  )bhe  illumination  of  the  oljects  being 
accomplished  1^  the  use  o!  Magnesium. 
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Ordinary  Meeting,  March  7th,  1865. 


R.  Angus  Smith,  Ph.D.,  F.R.S.,  &c.,  President,  in 
the  Chair. 


The  following  paper  ^'  On  the  Action  of  Sea  water  upon 
certain  Metals  and  Alloys,"  was  read  by  F.  Craob  Calvisbt, 
Ph.D.,  F.R.S.,  F.C.S.,  &c.,  and  R.  Johnson,  F.C.S. 

We  were  induced  to  examine  the  action  exerted  by  sea 
water,  in  consequence  of  the  rapid  changes  which  have 
taken  place  of  late  years  in  naval  architecture,  and  especially 
in  the  substitution  of  metals  and  alloys  for  wood. 

To  carry  out  the  above  views,  we  took  20  square  centimetres 
of  each  metal,  which  we  cleaned  with  great  care  and  attention, 
in  order  that  the  action  of  the  sea  water  might  have  its  fiill 
effect;  then  two  plates  of  each  metal  were  placed  in 
separate  glass  vessels,  and  immersed  in  equal  volumes 
of  sea  water.  After  one  month  the  plates  were  taken 
out,  and  any  compounds  that  had  adhered  to  the  surface 
carefully  removed;  the  plates  were  then  dried  and  re- 
weighed,  and  the  loss  estimated.  To  render  our  results  of 
more  practical  value,  we  have  calculated  the  action  of  100 
litres  of  sea  water  upon  one  square  metre  of  each  metal, 
and  the  following  are  the  amounts  of  metals  dissolved  :-— 

Grammes. 

Steel    2916 

Iron 27-37 

Copper  (best  selected) 12-96 
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Grramxnot. 

Copper  (rough  cake)  13*85 

Zinc 6'66 

'  Qalyanised  Iron 112 

Block  Tin    1-45 

Stream  Tin 1-45 

Lead  (virgin)  Trace. 

„    (common)   Trace. 

These  results  appear  to  us  to  lead  to-the  following  con- 
clusions : — 

1.  That  the  metal  now  most  in  vogue  for  shipbuildings 
namely^  iron^  is  that  which  is  most  readily  attacked. 

2.  That  this  metal  is  most  materially  preserved  from  the 
aictionlif  s^a  water  when  coated  with  tine,  and  therefore,  in 
otir  opinion.  It  would  imply  repay  Aipbuilders  to  use  gal- 
vanised iron  ds  fi  substitute  for  that  metal  itself. 

The  above  fects  perfe(;tly  confirm  those  which  tve  have 
alteady  published  in  our  paper  "On  Galvanised  Iron  for 
Armour  Plated  Ships,"  in  which  it  was  show^,  that  when 
iron  was  in  contact  with  oak  they  mutually  acteld  uporn  each 
other,  producing  a  rapid  destruction  of  the  two  materials, 
whilst  little  or  no  action  took  place  between  galvanised  iron 
and  the  wood. 

3.  The  extraordinary  resistance  which  lead  oflSsrs  to  the 
action  of  sea  water,  naturally  suggests  its  use  as  a  preservative 
to  iron  vessels  against  the  destructive  action  of  that  element ; 
and  although  we  are  aware  that  pure  lead  is  too  soft  to 
withstand  the  wear  and  tear  which  ship  bottoms  are  subjected 
to,  still  we  feel  that  an  alloy  of  lead  could  be  devised  which 
would  meet  the  requirements  of  shipbuilders. 

Feeling  that  experiments  made  with  a  limited  amount  of 
sea  water  might  not  be  a  fair  criterion  of  the  action  of  the 
ocean  upon  metals,  we  repeated  our  experiments  upon  plates 
of  40  centimetres  square,  which  were  immersed  for  one  month 
in  the  sea'on  the  western  coast  (Fleetwood),  taking  the 
precaution  that  they  should  be  constantly  beneath  the  surface 
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of  tb^  wat«r,  nofi  9^99^4^  h^  ^t^  iflge.  ^^^if^hss^.  t»  a 
wooden  structus^^  tp  pcemut  ai^  ga^K^oi^  action  taking 
place  betw^n  thq  platen  and  the  structure  to  which  they 
were  attached. 

The  following  are  the  amounts  of  metali^  dissolved  :.— 

Gnunmefl. 

Steel    105-31 

Iron '   99-30 

Copper  (best  selected)    29*72 

Zinc H*H 

Galvanised  Iron  14-42 

Lead(virgin)  25-69 

„    (common)  ^ 25*85 

The  above  figures  suggest  the  foUomng  remarks  :— 
That  the  action  has  been  much  more  intense^  in  this 
instance^  than  when  the  metals  were  placed  in  a  limited 
amount  of  water  at  the  laboratory.  These  results  are  due 
probably  to  several  causes  acting  at  the  same  time^  viz.  :-^ 
that  the  metal  was  exposed  to  the  constantly  renewing  sur- 
face of  an  active  agent;  and  that  there  was  also  a  considerable 
friction  exerted  on  the  surface  of  the  plate  by  the  constant 
motion  of  the  water^  there  being  at  Fleetwood  a  powerful 
tide  and  rough  seas.  What  substantiates  this  ppipion  i^ 
that  the  lead  plates  undoubtedly  lost  the  greater  part  of  ^e 
weight,  not  by  the  solvent  action  of  the  sea  water,  but  fr^ 
particles  of  lead  detached  from  them,  in  coi^equcfce  of  th^r 
COQUJQ^  in  ^^ntact  ^4(^  ^^^^  f^  ^he  wooden  supports  to 
which  they  were  attached;  but  this  c^p^  of  destruction 
having  been  observed  with. lead  plates,  jt  was  afterwards, 
carefully  guarded  against  in  the  case  of  all  the  ot}^^r  j^t^l 
plates.  V 

We  also  deemed  it  desirable  to  examine  Ae  action  of  «ea 
water  on  various  brasses.  Yfe  therefore  immersed  fpr  que 
months  plates  of  various  alloys  in  Ihat  fluid,  and  proceeded  to 
record  our  results ;— 
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AonoN  OP  200  Lmu»  of  Sba  Watbe  upon  1  Squabb  Mbtbb 

SURFAOB  OP  THE  FOLLOWING  BRABSBS  : 

CampasUUm  of  the  Brakes.  QuantUy  of  Metals  Dissolved. 

IBOir.  007PSB.  ZINO.  TOTAL. 

Pure  Copper     ...  50 

Pure  Zinc     ......  50 

11 10      10-537      11-647 

100 

Gommeroial  Brass : 

Copper 66- 

Zino 32-6 

Iron  and  Lead    1*5 

•      0-579        3-667        3-324        7-570 

100 

Muntz  Metal  (Sheet): 

Copper 70- 

Zinc 29-2 

Iron  and  Lead    0-8 

0-438        4-226        2721        7-385 

100-0 

Muntz  Metal  (Bars) : 

Copper 62 

Zinc 37 

Lead  and  Iron    1 

0-501        2-697        3-493        6-691 

100-0 

Prepared  Brass : 

Copper 50 

Zmo 48 

Tin  2  xnr. 

0-365        7-04  3-477      10-882 

100 
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The  above  table  shows  how  very  differently  sea  water  acts 
upon  divers  brasses  and  the  influence  exercised  upon  the 
copper  and  the  zinc  composing  them,  by  the  existence  in 
them  of  a  very  small  proportion  of  another  metal;  thus, 
in  pure  brass  the  zinc  is  most  rapidly  dissolved  (which, 
en  passant,  is  the  contrary  to -what  takes  place  in  galvanised 
iron),  whilst  it  acts  as  a  preservtftive  to  the  copper* 

Tin,  on  the  other  hand,  appears  to  preserve  the  zinc,  but 
to  assist  the  action  of  sea  water  upon  the  copper. 

The  great  difference  between  the  action  of  sea  water  upon 
pure  copper  and  upon  Muntz  metal  seems  to  us  to  be  due 
not  only  to  the  fact  that  copper  is  alloyed  to  zinc,  but  to 
the  small  proportion  of  lead  and  iron  which  that  alloy 
contains ;  and  there  can  be  no  doubt  thlit  shipbuilders  derive 
great  benefit  by  using  it  for  the  keel  of  their  vessels. 

We  were  so  surprised  at  the  inaction  of  sea  water  upon 
lead  that  we  were  induced  to  compare  its  action  with  that  of 
several  distinct  varieties  of  water,  viz.,  Manchester  Corpora- 
tion water — well  water — distilled  water  in  contact  with  air — 
the  same  deprived  of  air — and  the  following  are  the  amounts 
of  metals  dissolved  by  200  litres  of  these  waters  upon  1  square 

metre  of  surface  during  eight  weeks. 

Ghtmunes. 

Manchester  Corporation  Water    2*094 

WellWater   1-477 

Distilled  Water  (with  air)    110-003 

„            „     (without  air)    1-829 

Sea  Water 0-038 

These  figures  require  no  comment,  as  they  confirm  our 
previous  result  that  sea  water  has  no  action  on  lead. 

Mr.  John  Robinson  exhibited  specimens  of  iron  and  brass 
which  had  been  acted  upon  by  the  water  of  the  river  Medlock, 
and  stated  he  had  fi>und  that  an  alloy  of  lead,  tin,  and 
antimony,  resisted  the  action  of  sea  water  better  than  any 
other  metal  or  alloy  he  had  tried. 
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PHO*TOQ*BAPHIG     ftiKOTI.OK. 

March  2tid,  1865. 

Mr.  John  Fabry  in  the  Chair. 

Mr.  1)a!^fcbk  read  a  paper  entitled,  ^  The  Opaque  Micro- 
sfeope  not  New,"  in  which  he  proved  that  the  so^aBed  new 
instrument  was  of  very  old  date,  and  was  described  and  used 
^viouB  to  the  year  1780  ;  and  that  an  improved  form  of  it 
was  exhibited  nightly  at  the  Manchester  Mechanics'^  Institu- 
tiKm  in  the  winter  of  1840-1841. 

Mr.  SiOEBOTHAM  exhibited  some  prints  taken  by  the 
Wothlytype  process,  and  described  the  mode  of  their  produc- 
tion. Others  printed  by  the  ordinary  silver  process  from  the 
same  negatives  were  also  exhibited,  and  pronounced  to  be 
superior  in  every  way. 

Mr.  Brothers  exhibited  two  photographic  prints  taken 
by  Mr.  Pouncy,  of  Dorchester,  one  of  them  obtained  direct  from 
the  negative  in  printers'  ink,  the  other  printed  from  stone. 
Mr.'  Brothers  also  exhibited,  with  a  copying  camera,  the 
mode  of  obtaining  photographs  of  microscopic  objects  by 
burning  magnesium;  also  a  negative  and  a  print  from  it  of 
an  insect  dissection  so  enlarged. 

Mr.  E.  C.  Buxton,  jun.,  read  a  paper  entitled  *'  Photo- 
graphic Experience  in  India,"  and  illustrated  it  by  a  number 
of  large  and  beautiful  views  he  had  taken  in  1863  and  1864. 

The  difficulties  of  photography  in  hot  climates  such  as 
India  are  usually  believed  to  be  very  great,  and  until  quite 
recently  Indian  photographs — or,  at  least,  such  as  /had  the 
chance  of  seeing — ^were  little  more  than  patches  of  black  and 
white.  No  doubt  there  were  many  exceptions,  but  I  think 
that  was  the  general  character  of  Indian  photography.  The 
hardness  and  want  of  half-tone  was  attributed  to  the  intense 
light  of  the  sun,  the  heat,  and  the  difficulty  of  preserving 
chemicals  in  good  working  order. 
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I  remembcor  leading  a  letter  in  one  qf  the  journals  -£com  a 
photc^apber  in  India^  in  wbieh  he  aadd  that  tbe  plates  could 
not  be  kept  moist  more  than  a  fevr  seconds  after  leaviDg  tbe 
batb,  and  that  to  prevent  tbe  surface  of  tbe  film  from  dryii^ 
so  rapidly  be  was  obliged  to  fasten  a  pad  of  wet  blotting-paper 
inside  tbe  sbutter  of  tbe  dark  slide.  How  be  Goatrived  to 
draw  out  tbe  sbutter  I  cannot  understand.  My  own  opinion 
is,  tbat  a  pbotogcapber  wbo  can  take  good  negatives  in  tbis 
eountry  will  succeed  equally  wejl>  if  not  better^  in  India^  or 
otber  bot  climates. 

A  few  days  before  leaving  Calcutta,  at  the  beginning  of 
last  April,  I  gave  a  friend  some  lessons  in  tbe  art  of  coating 
and  develpping  a  plate.  In  July  I  received  prints  from  bis 
negatives  superior  to  tbe  ordinary  productions  of  amateurs  in 
tbis  country  of  two  year's  practice. 

Tbe  Exhibition  of  tbe  Bengal  Photographic  Society  dosed 
just  after  my  arrival  in  Calcutta.  I  could  only  pay  one  short 
visit ;  but  my  impression  was  that  the  number  of  good  pictures 
was  larger  than  in  the  annual  Exhibition  of  tbe  London 
Photographic  Society.  Probably  tbis  improvement  in  tbe 
art  is  oviring  to  tbe  general  use  of  bromo-iodised  collodion,  and 
tbe  greater  purity  of  tbe  nitrate  of  silver  and  otber  chemicals. 

About  four  years  since  I  spent  tbe  winter  in  Algeria  and 
Egypt,  taking  photographs  both  with  tbe  wet  and  dry  process. 
Neither  country  is  very  warm  at  tbat  time  of  year ;  but  the 
excessive  dryness  of  Egypt  gave  me  some  little  insight  into 
what  was  wanted  in  tbe  photographic  line  when  I  started  foi 
Singapore  in  September,  1863.  I  had  previously  asked  advice 
from  photographers  who  bad  worked  in  India,  mentioning 
the  little  difficulty  I  experienced  in  Egypt.  They  shook 
their  beads,  evidently  pitying  my  ignorance.  ''  Only  wait," 
said  one,  *'  till  you  find  your  nitrate  bath  as  black  as  ink 
some  fine  morning  1"  I  humbly  ventured  to  hope  tbat  such 
a  sad  fate  was  not  in  store  for  my  batb.  Another  positively 
declared  that  no  man  except  Ottewill  could  make  a  camera 
warranted  not  to  warp  or  crack.     I  was  also  advised  to  make 
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my  own  collodion  on  arriving  out,  or  at  least  to  mix  the 
iodisers  myself.  My  knowledge  of  chemistry  being  very 
limited^  the  prospect  of  turning  collodion  manufacturer  was 
anything  blit  agreeable.  Nevertheless,  I  laid  in  a  stock  of 
ether  and  alcohoVand  all  sorts  of  iodides  and  bromides.  Gun 
cotton  I  did  not  trouble  my  head  about,  though  where  I  ex- 
pected to  find  any  in  Singapore  is  more  than  I  can  now 
remember.    Fortunately  my  skill  was  never  put  to  the  test. 

In  this  country  Thomas's  collodion  with  magnesium  iodiser 
had  always  been  my  favourite,  but  after  a  few  weeks  of  hot 
weather  the  loss  of  sensitiveness  is  very  great ;  therefore,  in 
addition  to  several  pounds  of  Thomases  collodion  packed  in 
tin  cases  with  sawdust,  I  took  a  quantity  of  Mawson's.  This 
was  ordered  specially  for  India.  Nothing  could  possibly 
work  better  tlian  it  did :  it  was  perfection.  All  the  other 
chemicals  required — such  as  nitrate  of  silver,  pyrogallic  and 
acetic  acids.  &c.— should  be  taken  from  this  country.  They 
are  to  be  had  in  Singapore,  Hong  Kong,  and  the  principal 
towns  in  India ;  but  the  prices  usually  charged  are  ruinous, 
and  no  purchaser  can  tell  how  long  the  article  he  requires 
may  have  beeti  in  stock. 

The  most  important  matter,  after  all,  is  the  choice  of 
cameras,  lenses,  and  a  good  dark  tent.  The  tent  I  used  was 
Smartt's,  made  by  Murray  and  Heath.  The  time  required 
for  setting  it  up  and  arranging  the  bath  and  developing 
bottles  in  their  proper  places  is  about  five  minutes.  Murray 
and  Heath  also  supplied  me  with  a  square  bellows  camera 
for  11  X  9  plates,  fitted  with  Dallmeyer*s  No.  S  triplet  and 
Grrubb's  C  lens,  together  with  a  field  box  for  chemicals  and 
glass  plates.  Mr.  Bogerson  made  all  the  rest  of  my  apparatus, 
viz.,  a  rigid  stereoscopic  camera,  with  rack-and-pinion,  fitted 
with  Dallmeyer*s  single  and  combination  lenses,  plate  boxes, 
and  draining  boxes  for  holding  negatives  in  the  field.  These 
draining  boxes  are  also  most  useful  for  carrying  negatives  on 
a  long  journey,  such  as  the  overland  route,  and  will  stand 
almost  any  amount  of  knocking  about  without  injury  to  the 
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contentB.  I  need  only  say  that  a  box  similar  to  the  one  you 
now  see^  when  full  of  ifegatiyes,  ftU  to  the  ground  ftom  an 
elephant's  back :  the  box  was  a  little  worse,  and  that  was 
all.  A  nest  of  three  ebonite  funnelis  will  be  found  very 
usefhl :  glass  funnels  are  eeitain  to  be  broken.  The  developing 
cups  may  also  be  of  ebonite^  but  I  must  say  I  prefer  glass. 

On  arriving  at  Singapore  the  keys  of  my  boxes  could 
nowhere  be  found.  A  couple  of  Chinamen  kindly  undertook 
to  pick  the  locks  and  make  new  keys.  Their  ^  little  bill" 
amounted  to  three  dollars-— about  thirteen  shillings  !  During 
my  stay  in  the  island  there  was  scarcely  a  morning  when  the 
foliage  was  absolutely  still.  At  sunrise  a  breeze  nearly 
always  sprung  up,  and  continued  more  or  tess  till  sunset ; 
then  it  became  perfectly  calm,  and  dming  the  night  there 
was  frequently  heavy  rain,  with  thunder  and  Hghtning. 

My  first  attempt  at  photography  was  rather  disagreeable. 
I  had  placed  the  camera  under  the  shade  of  a  large  bamboo, 
and  was  focussing  carefully.  I  ought  to  mention  that  the 
morning  dress  in  Singapore  is  made  as  light  and  cool  as 
possible.  Loose  trousers  of  silk  or  calico,  grass  slippers,  afid 
a  flannel  shirt.  In  this  costume  I  was  suddenly  attacked  by 
a  swarm  of  great  red  ants.  They  had  dropped  down  from 
the  branches  overhead,  and  were  all  over  me  before  I  noticed 
them,  biting  ferociously.  At  first  I  thought  a  snake  had 
bitten  me.  As  soo»  as  I  got  clear  of  the  focussing  cloth  and 
saw  the  ants,  I  bad  nothing  for  it-  but  to  run  indbors  and 
phmge  into  a  bath  of  cold  waten  After  this  I  carcfrilly 
avoided  bamboo  treesv  These  red  ants  make  neste  by  gunv- 
nnng  the  leaves  together,  in  the  same  way  m  caterprHars  in 
this  country. 

The  scenery  in  Singapore  is  more  suitable  for  the  stereo- 
scope than  for  large  pictures.  Knowing-  nothing  of  the 
language,  and  having  to  do  everything  myself,  small  plates 
were  quite  as  much  as  I  could  manage.  At  first  the  tre- 
mendous heat  inside  the  tent  made  me  feel  very  sick  and 
giddy,  but  it  soon  ceased  tiQ  be  aft  inconvemenoe. 
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Though  I  used  a  glass  bath  with  glass  top^  and  silver  wire 
dipper^  a  kind  of  scum  always  formed  after  a  day's  work. 
Tins  had  to  be  cleaned  off,  and  the  solution  filtered  before 
use.  Once»  after  taking  three  successful  instantaneous 
negatives^  the  bath  solution  became  suddenly  turbid,  and  the 
surface  covered  with  a  thick  black  scum.  After  filtration  it 
worked  as  well  as  ever.  With  this  exception,  which  I  can  in 
no  way  account  for,  the  bath  was  never  out  of  order. 

The  tent  was  always  pitched  in  a  shady  spot,  if  possible, 
the  ground  well  watered,  and  the  inside  of  the  tent  rubbed 
with  a  wet  sponge  to  prevent  dust.  For  a  few  minutes  the 
atmosphere  was  bearable  enough,  but  after  a  couple  of  nega- 
tives had  been  developed  it  was  quite  another  matter.  The 
stopper  of  the  collodion  bottle  used  to  blow  out,  and  the 
smell  of  ether,  mixed  with  cyanide,  in  such  a  temperature, 
was  anything  but  agreeable. 

After  a  little  experience,  however,  I  found  less  difficulty 
in  taking  good  negatives  than  in  this  country.  Mawson's 
collodion  worked  splendidly.  The  developer  I  first  tried 
was  eight  grains  of  iron  and  twenty  drops  of  acetic  acid  to 
the  ounce  of  water.  This  did  not  answer,  so  I  tried  fifteen 
grains  of  iron  and  fifteen  drops  of  acetic  acid ;  and,  finally, 
thirty  grains  of  iron,  thirty  drops  of  acid,  thirty  drops  of 
alcohol,  and  two  drops  of  ammonia  to  one  ounce  of  water. 
Nothing  could  be  better  than  the  last  formula.  I  used  it 
afterwards  in  India  both  for  large  and  small  plates. 

Going  up  from  Hong  Kong  to  Shanghae,most  unfortunately 
my  bath  was  left  behind.  There  were  plenty  of  interesting 
objects  near  Shanghae,  and  some  very  fine  bridges  over  the 
canal  at  a  town  called  Wong-dow,  which  had  been  burnt  by 
the  Taepings.  Here  I  saw  a  man  catching  fish  with  cormo- 
rants, and  would  have  given  anything  for  my  camera.  There 
was  no  help  for  it,  so  I  shot  pheasants  instead. 

The  *'  Alabama'*  was  coaling  in  the  New  Harbour,  Singa- 
pore, when  I  arrived  there  on  my  way  to  Calcutta.  Of  course 
my  only  thought  was  how  to  take  a  picture  of  her.  All  my  ap- 


125 

paratns  had  been  laid  up  for  a  months  and  it  was  raining  hard. 
At  night  when  I  was  going  to  bed  a  report  got  about  that  she 
was  to  sail  early  next  morning.  I  had  to  come  on  boards 
and,  spite  of  heat  and  swarms  of  the  most  bloodthirsty  mos- 
quitoes, to  clean  plates  «nd  filter  bath  solution.  At  four 
o'clock  in  the  morning  everything  was  ready ;  but,  mean- 
while, one  of  Captain  Sherrard  Osborne's  fleet  had  come  in, 
and  totally  spoilt  the  point  of  view  I  had  chosen.  At  day- 
light I  crossed  the  straits  in  a  boat,  and  set  up  the  tent  under 
a  bank,  hoping  to  avoid  the  direct  rays  of  the  sun.  I  was 
slightly  mistaken.  Before  long  the  sun  shone  directly  on  the 
tent,  and  the  woodwork  inside  soon  became  unpleasantly  hot 
to  the  touch.  I  got  two  pretty  good  views  of  the  **  Alabama" 
at  anchor,  and  another  in  which  she  appeared  steaming  out 
of  the  harbour. 

The  steamer  left  Singapore  on  December  24th,  and  the 
same  evening  a  ship  was  reported  on  fire.  At  nine  o'clock 
we  were  close  to  the  burning  vessel,  which  proved  to  be  the 
"Martaban,"  set  on  fire  by  the  "Alabama."  The  water 
being  perfectly  smooth,  the  effect  was  magnificent. 

.  On  the  26th  I  arrived  at  Penang  early  in  the  morning. 
Nothing  can  exceed  the  beauty  of  this  island.  The  heat  on 
the  low  grounds  near  the  sea  is  very  great ;  but  on  the  hills, 
which  are  often  hidden  by  great  fleecy  clouds,  the  atmosphere 
is  deliciously  cool  and  healthy.  The  steamer  only  stopped  a 
few  hours,  but  I  secured  some  beautiful  negatives.  A  crowd 
of  Chinese  and  Malays  favoured  me  with  their  company. 
The  water  running  out  of  the  waste  pipe  caused  great  asto- 
nishment. I  was  told  they  called  my  tent  '*ruma  Setan" 
(the  "Devil's  house"),  which  name  is  also  applied  to  the 
Freemason's  lodge  at  Singapore. 

On  New  Year's  Eve  we  anchored  at  Diamond  harbour,  on 
the  Hooghly,  and  landed  at  Calcutta  next  morning.  As  soon 
as  possible  I  got  my  baggage  on  shore  and  prepared  a  silver 
bath  of  thirty  grains  of  silver  to  the  ounce  of  water.  Finding 
the  light  far  quicket  than  at  Singaporci,  I  thought  it  well  to 
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malfie  the  solution  tolerably  acid,  aud  added  ooe  drachm  of 
acetic  acid  to  ninety  ounces  of  bath  solution.  With  this  acid 
bath  I  took  a  great  many  instantaneous  stereoscopic  views,  and 
several  negatives  11x9  with  the  triplet,  in  less  than  a  second. 

Within  a  mile  or  two  of  Calcutta  there  was  at  that  time  a 
most  beautiful  jungle  of  palms,  cocoa-nuts,  bamboos,  &c. — a 
perfect  paradise  for  photography.  All  this,  or  the  greater 
pavt  of  it,  together  with  the  splendid  trees  in  the  Botanical 
Gardens,  have  since  been  destroyed  by  the  great  cyclone. 

Here  I  used  Thomas's  collodion,  newly  iodised  with  mag- 
nesium, with  great  success.  After  being  iodised  a  few  days, 
however,  the  film  invariably  split  at  the  lower  edge  of  the 
plate  when  immersed  in  the  nitrate  bath.  The  crack  was 
about  two  inches  long  and  one-eighth  broad,  extending  up- 
wards. I  should  be  glad  if  any  one  could  explain  how  this  was 
caused.  After  this  I  used  Mawson's  collodion  almost  entuely. 
Once  I  mixed  the  two  together,  and  found  them  work  well. 

The  chief  drawback  to  wet  photography  in  India  is  the 
enormous  weight  of  apparatus  required.  It  was  bad  enough 
by  railway,  but  when  I  had  to  transport  three  heavy  boxes 
by  horse  efdA,  as  the  miserable  public  carriages  are  called,  it 
became  simply  ruinous. 

My  visit  to  the  ruins  of  Gaur,  in  the  Maldah  district, 
some  200  miles  above  Calcutta,  gave  me  more  plesjsure  than 
a«ythi]:ig  I  saw  in  India.  From  Calcutta  to  Rajmahal  there 
is  a  railway.  There  I  put  my  baggage  into  bullock  ca^ ts  to 
cross  the  Ganges,  and  proceed  to  Gaur,  a  distance  of  thirty 
or  forty  miles.  I  myself  rode  to  the  ferry,  and  was  delighted 
-to^e  a  couple  of  elephants  waitir^  on  the  opposite  bank  to 
convey  ime  to  Mootra|K)re,  the  residence  of  an  indigo  planter — 
the  most  hospitable  man  in  the  wo^ld^  and  the  slayer  of  at 
least  200  tigers.  Next  day  I  went  on  with  the  elephants, 
and  the  day  following  arrived  at  Gaur,  fouad  a  tent  pitched, 
and  the  carts  unloaded. 

GaHT  was  the  ancient  capital  of  Bengal,  and  the  ruins  of 
thfi  city,  surrouRded  bj  dense  jungle,  are  magnificent.    My 
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^TBt  act  was  to  drink  a  bottle  of  beer^  the  second  to  Ught  a 
cheroot,  and  the  third  to  filler  the  everlasting  bath,  and  clean 
half-a^ozen  plates.  Having  performed  all  these  interesting 
operations  satisfactorily  I  went  to  sleep,  and  started  early 
next  morning  for  the  ruins — my  servant  on  one  elephant, 
with  tent,  camera,  and  field  box,  while  the  bath  accompanied 
me  on  the  other  elephant.  I  may  as  well  tell  you  that  I 
never  trusted  the  bath  out  of  sight  longer  than  I  could  help,* 
knowing  that  if  any  accident  occurred  there  was  no  chance 
of  -getting  another  between  Calcutta  and  Agra, 

The  first  subject  I  tried  was  a  fine  old  minaret,  standing 
by  itself,  near  a  large  tank  swarming  with  alligators.  The 
attempt  was  a  total  failure — ^nothing  but  fog,  I  could  not 
account  for  it  then,  nor  can  I  now.  Out  of  fifty-six  large 
plates,  however,  exposed  in  India,  this  was  the  only  failure. 
I  made  matters  worse  directly  afterwards,  by  stamping  on 
the  focussing-screen:  luckily  half  the  glass  escaped  b^g 
broken.  I  would  advise  any  photographer  going  to  out-of- 
the-way  places  always  to  carry  a  spare  focussing-screen.  A 
collodionised  plate  will  answer  the  purpose  at  a  pinch,  but 
with  a  badly-lighted  sulgect  it  is  difficult  to  focus  accurately 
vrithout  ground  glass. 

The  next  plate  was  all  right,  so  I  moved  on  to  a  grove  of 
date  palms,  every  tree  of  which  was  full  of  monkeys,  and  it 
was  plain  that  unless  they  were  driven  away  I  might  as  well 
attempt  to  photograph  the  palm  trees  in  a  gale  of  wind.  At 
last  they  all  took  their  departure — or  at  least  I  thought  so. 
A  dark  gateway  at  the  end  of  the  grove  became  beautifully 
lighted,  and  not  a  leaf  stirred.  I  lit  a  cheroot,  placed  the 
dark  slide  in  position,  and  uncovered  the  lens,  intending  to 
give  an  exposure  of  one  minute  and  a-half.  Twenty  seconds 
were  wanting  to  complete  the  time,  and  abeady  I  saw,  a 
perfect  negative  developed,  when  suddenly  an  old  grey 
monkey  dropped  from  the  top  of  a  tree,  and  swung  on  a 
bough  which,  with  infinite  pains,  I  had  brought  into  focus 
by  an  unlimited  use  of  the  swing-back.     Of  course  I  covered 
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the  lens  immediately;  but  the  mischief  was  done.  The 
father  of  monkeys  grinned  and  made  horrible  faces^  then 
dropped  to  the  ground  and  disappeared.  Presently  after- 
wards, while  looking  about  for  another  view,  a  whole  tribe  of 
monkeys  came  and  sat  close  to  the  camera,  huddled  together 
like  a  swarm  of  bees.  The  light  coming  through  the 
•  branches  of  trees  was  very  feeble,  and  having  only  a  long- 
'  focus  lens,  it  was  useless  to  attempt  taking  their  portraits. 

The  last  day  I  spent  in  Gaur  was  one  of  downright  hard 
work.  The  ruins  were  a  long  distance  apart,  and  the  tent 
had  to  be  pitched  and  taken  down  five  times.  As  it  was 
getting  dusk  we  passed  through  a  magnificent  gateway  in  the 
oldTwalL  I  was  quite  tired  out  and  half  asleep;  but  the 
mahout,  or  elephant  driver,  called  my  attention  to  it,  where- 
upon I  woke  up  and  told  my  servant  to  pitch  the  tent  for  the 
fifth  time.  While  he  was  doing  so  I  looked  out  for  the  best 
point  of  view.  There  was  no  difficulty  in  finding  it.  The 
difficulty  consisted  in  the  clouds  of  dust  raised  by  a  long  line 
of  pilgrims  incessantly  passing.  A  troop  of  monkeys  chattered 
in  the  branches  overhead.  Fpr  the  monkeys  there  was  no 
remedy;  for  the  pilgrims  there  was.  Coming  out  of  the 
tent  I  was  surprised  to  find  a  perfectly  clear  atmosphere.  At 
a  little  distance  the  elephants  were  standing  right  across  the 
narrow  road,  and  behind  them  at  least  200  pilgrims,  partly 
held  in  awe  by  the  elephants  and  partly  by  a  berkendars, 
which,  I  think,  means  a  '^fighting  man,''  who  had  accom- 
panied me. 

After  leaving  Gaur  I  went  by  train  to  Benares.  Stayed 
three  days,  and  took  a  few  negatives.  There  are  some  very 
very  fine  mosques  in  Benares,  but  so  built  round  as  to 
prevent  photographing  with  ordinary  lenses.  A  globe  lens 
would  be  of  immense  service  in  such  places,  and  it  is  sur- 
prising that  they  are  not  in  more  general  use. 

The  railway  is  now  open  from  Calcutta  to  Delhi ;  but  at 
the  beginning  of  last  year  there  were  two  breaks  in  the 
journey  from  Benares  to  Allahabad,  and- from  Agra  to  Delhi. 
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I  was  obliged  to  travel  by  ddk  from  Benares  to  Allahabad, 
thence  by  rail  to  Cawnpore,  and  again  by  ddk  to  Lucknow. 
At  the  latter  place  the  weather  was  miserably  cold,  and  the 
wind  too  high  for  photography.  The  Kaiser  Bagh  reminded 
me  of  the  Palais  Royal  at  Paris.  It  would  make  an  excellent 
picture  in  a  pantoscopic  camera. 

I  was  much  disappointed  at  not  being  able  to  do  more  at 
Lucknow :  once  I  did  set  up  my  camera  near  the  Presidency, 
but  a  sudden  squall  of  wind  upset  it,  diminishing  the  size  of 
my  unfortunate  small  focussing  screen. 

Leaving  Lucknow  at  midnight,  I  had  time  to  photograph 
the  memorial  over  the  well  at  Cawnpore :  it  stands  at  the 
end  of  a  large  garden.  No  natives  are  allowed  to  enter 
unless  by  special  permission ;  and  Europeans  driving  through 
the  garden  do  so  at  foot's  pace. 

No  words  can  describe  the  magnificence  of  the  Taj  Mehal, 
at  Agra — a  mausoleum  of  white  marble,  built  by  the  Sultan 
Akbar  over  the  tomb  of  his  wife.  The  marble  is  inlaid  in  the 
most  exquisite  manner  with  precious  stones,  in  the  form  of 
leaves  and  flowers.  In  front  of  the  building  is  an  avenue  of 
dark  cypress  trees,  and  a  long  line  of  fountains,  at  the  end  of 
which  stands  the  Taj  flashing  like  the  sun  itself.  It  would 
be  hard  to  conceive  a  more  difficult  subject  for  a  photograph ; 
yet  by  using  a  weak  developer,  the  black  cypress  trees,  the 
shining  white  marble,  and  the  fleecy  clouds  were  all  perfectly 
rendered. 

From  Agra  to  Delhi  is  one  hundred  and  thirty  miles  by 
ddk — a  most  wearisome  journey  through  sandy  plains,  dotted 
here  and  there  with  low  jungle.  The  Delhi  water  is  full  of 
salt;  at  least  I  found  it  so,  though  a  professional  photo- 
grapher living  on  the  spot  told  me  '^  it  was  good  enough  in 
his  hands,  and  answered  perfectly."  I  acquiesced  humbly,  but 
took  a  pint  of  distilled  water  he  was  kind  enough  to  give  me. 

The  splendid  monument  called  the  E^tub,  on  the  site  of 
ancient  Delhi,  is  about  eleven  miles  from  the  present  city. 
The  height  of  the  pillar  is  even  now,  I  believe,  S40  feet,  and 
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is  sappoAed  formerly  to  have  reaefaed  400  ftet.  The  waiter 
was  quite  fit  to  use,  so  I  brought  back  several  bottles  full^^ 
intending  to  take  views  of  the  Cashmere  gate,  &e. ;  but  a 
letter  from  the  great  tiger-slayer,  before  mentioned,  warned* 
me  to  return  at  once  if  I  intended  to  join  his  tiger  party  on 
the  9th  of  March. 

Photography  is  great^  but  tiger  bunting  is  greater ;  so  I 
left  Delhi  one  Monday  morning,  and,  travelling  incessantly, 
reached  Calcutta  on  the  Saturday.  Here  I  left  all  my 
apparatus^  except  a  plate  or  two  for  the  benefit  of  a  dead 
tiger.  This  I  aceomplished,  but  aftor  seven  or  eight  hours' 
shooting  on  the  top  of  an  elephant  even  photography  becomes 
a  burden. 

Having  been  in  at  the  death  of  seven  tigers,  I  left  Calcutta 
the  first  week  in  April,  and  I,  with  all  my  negatives*— namely, 
fifty-five  11x9  inches,  and  six  dozen  stereoscopic — arrived 
in  England^  towards  the  end  of  May. 

I  cannot  conceive  anything  more  delightftil  than  a  photo^ 
graphic  tour  in  India — arriving  out  at  the  end  of  October, 
and  returning  in  April.  If  a  man's  health.be  good  there  is 
no  difficulty  in  obtaining  good  pictures.  In  fiict,  one  great 
source  of  failure  in  this  country — dirty  plates— scarcely  exist 
in  India.  If  a  plate  be  washed  with  ckan  water,  and  rubbed 
dry^  it  is  as  clean  as  man  can  make  it.  Aceoiding  to  my 
experience  collodion  cannot  be  too  much  shaken  before  use. 
I  think  it  a  great  mistake  to  use  a  bottle  which  has  been 
standing  quiet  for  any  length  of  time ;  but  I  know  plenty  of 
learned  photographers  who  hold  the  very  opposite  opinion. 

In  conclusion,  I  venture  to  hope  that  photographers  ia*- 
tendiog  to  pursue  the  art  in  India  or  other  hot  countries  may 
find  the  foregoing  remarks  of  service  in  the  selection  of  appa* 
ratus  and  chemicals. 
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Ordinary  Meeting,  Match  21st,  1865. 

K,  Angus  Smith,  Ph.D.,  F.RJS.,  President, 
in  the  Chair. 

Dr.  Joule  described  an  instrument  he  had  constructed  for 
showing  rapidly  minute  changes  of  magnetic  declination. 
The  adjoining  sketch  represents  a  sec^ 
tion.half  the  real  size,  a  is  a  column 
of  small  magnetic  needles  suspended  by 
a  filament  of  silk.  Attached  to  its 
lower  end  is  a  glass  lever  b,  with  a 
hook  at  its  end.    A  fine  glass  leyer  c  is 
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suspeuded  by  a  single  filament  of  silk ;  its  shorter  arm  being 
connected  with  the  first  lever  by  means  of  a  small  hook 
attached  to  the  fibre  d.  The  whole  is  enclosed  in  a  stout 
copper  boxj  into  which  light  is  admitted  through  a  lens  e, 
cemented  into  an  orifice  immediately  under  the  object  glass 
of  the  microscope/. 

The  microscope  magnifies  about  300  linear^  and  has  a 
micrometer  in  its  eyepiece^  with  divisions  corresponding  to 
rsW  of  an  inch*  One  division  corresponds  to  a  deflection  of 
the  needle  of  ^Y^  and  as  a  tenth  of  a  division  can  be  very 
readily  observed^  the  instrument  measures  deflections  to 
within  half  a  second.  So  rapid  is  the  action,  that  on  apply- 
ing a  small  magnetic  force  the  index  takes  up  its  new  position 
steadily  in  two  seconds  of  time.  Besides  being  a  damper  to 
the  motion  of  the  needle,  the  copper  box,  by  its  conducting 
power,  equalizes  the  temperature  rapidly,  so  that  the  indica- 
tions are  not  to  any  considerable  extent  disturbed  by  currents 
of  air.  The  success  of  the  present  instrument  encourages 
the  hope  that  very  much  greater  delicacy  may  be  obtained 
by  a  further  multiplication  of  the  motion  and  the  use  of  a 
more  powerful  microscope.  Dr.  Joulb  stated  that  he  had 
observed  an  extensive  magnetic  disturbance  the  preceding 
evening,  the  index  being  driven  entirely  out  of  the  field  of 
view. 

The  Pbbsidbnt  said  that  three  meteorological  instruments 
of  true  originality  and  of  unprecedented  delicacy  bad  been 
described  to  this  Society  by  the  inventor  Dr.  Joule.  For 
common  observation  the  instruments  were  too  refined,  but  in 
some  fields  of  enquiry  they  seemed  the  only  hopeful  guides. 
Manchester  has  not  yet  a  Meteorological  Observatory, 
although  the  proposal  has  often  been  made  to  establish  one. 
Private  spirit,  as  in  the  instance  of  Mr.  Vernon  and  others, 
has  made  the  necessity  less  felt  than  before.  But  there  is  now 
an  opportunity  of  beginning  one  with  entirely  new  apparatus 
of  Manchester  origin,  which  would  probably  very  much  alter 


133 

the  quality  of  the  enquiries  made  in  meteorological  establish- 
ments. 

Mr.  Baxekdell  stated  in  reference  to  Dr.  Joule's  observa- 
tion^ that  on  the  same  erening  he  had  observed  a  very  fine 
auroral  arch,  which  at  8h.  20m.,  G.  M.  T.,  passed  over  e 
Bootis,  a  TTrs^e  majoris,  Capella,  and  a  point  midway 
between  the  Pleiades  and  b  Tauri.  There  was  at  the  same 
time  a  considerable  segment  of  bright  auroral  light  in  the 
northern  part  of  thq  heavens.  No  streamers  were  visible. 
About  twenty  minutes  later  it  was  noticed  that  the  position 
of  the  arch  had  changed,  the  western  portion  having  moved 
very  sensibly  in  a  southerly  and  the  eastern  portion  in  a 
northerly  direction.  This  change  of  position  was  probably 
connected  with  the  remarkable  disturbance  of  the  magnetic 
needle  noticed  by.  Dr.  Joule.  The  western  portion  of  the 
arch  was  brighter  than  the  eastern,  and  was  estimated  to  be 
from  ten  to  twelve  times  brighter  than  the  milky  way  in 
Cepheus  and  Cassiopeia. 

Mr.  Baxendell  also  stated  that  the  Society  had  in  its 
possession  a  thermometer  constructed  by  the  late  Dr.  Dalton, 
and  which,  it  is  believed,  was  used  by  him  in  many  of  his 
meteorological  observations.  The  scale  has  the  initials  J.D. 
and  the  year  1828  engraved  upon  it ;  and  the  freezing  and 
boiling  points  of  water  are  indicated  on  the  stem  by  fine  file 
marks.  As  it  is  known  that  the  zero  points  of  thermometers 
sometimes  change  to  the  extent  of  one  or  even  two  degrees  in 
the  course  of  several  years,  it  occurred  to  Mr.  Baxendell 
that  it  would  be  interesting  to  ascertain  whether  any  change 
had  taken  place  in  this  thermometer,  and  he  had  therefore 
lately  tested  very  carefully  the  position  of  the  freezing  point, 
but  found  that  no  sensible  alteration  had  taken  place ;  and 
he  believed  therefore  that  great  confidence  might  be  placed 
in  the  observations  which  Dalton  had  made  with  this  instm-' 
ment. 
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}fo^  ll^^^  fmimuvk^tqA  a  Ut^  fcopn  Mr.  f<mfh  B^m^A, 

of  Southport^'in  which  the  writer  endeavoured  to  account  lioar 
^tf»m9  on  pri^pl,?!  wbick  afvpear  to  h^  almo$t  icteatkal  with 
tbof^e  ^apced  maoy  yeaxs  ago  by  the  late  Profeftiof  E«^ 
^  Mr.  Thomc^  Hopkins. 

4  Paper  wa§  read  entitled  '^  Further  Obsi9rvation9  oi^  iim 
Pern^ai^  andTrJASsic  Strata  ctf  Li^ucashire/'  by  KW^Binhst^ 
F.E.S.,  &c. 

In  pxe?ijpu9  oo^moir^  publi3hed  in  the  Transitions  of  the 
Sop^y,  the  author  had  given  what  information  he  possessed 
in  a  fragi)ientary  state,  just  as  he  obtained  it«  of  the  pempan 
stxfia  Qf  Lancashire  and  the  noith-westeru  counties  of  West- 
n^oreland,  Cumberland,  and  Dumfries,  as  well  as  the  north- 
western comer  of  Yorkshire,  and  he  took  sections  whefe  he . 
was  fortunate  enough  to  obtain  them,  but  he  made  no 
ikttempt  tQ  lay  the  (Strata  down  continuously  on  a  map,  hi; 
materials  being  far  from  sufficient  for  such  a  purpose. 

By  looking  at  a  map  of  the  county  of  Lancaster,  the 
(>Y)sq^ec  wiU  &f4  ^  8F^^  g^P  between  the  permian  beds  of 
Qdmiha^  Dplph,  Brc^y  Brook,  and  Skillaw  Clough,  to  the 
ttorti^^FeiLt  of  Wigai^,  and  the  sections  described  by  the 
^thcff  ait  l^ougliam  Point  near  Cartmel«  and  Stank  pear 
fj^^rsito^  The  tower  goal  Tf^asures  from  Harrock  Hill  can 
bq  tsaced  pvf^  ^^U  tpwards  Ohorley,  and  thence  to  near 
Witt^peU,  and  then  the  millstone  gnt  runs  to  Hoghton,  and 
across  the  country  not  very  well  seen  to  Griesdale,  Soorton, 
CJe^eley^  BUel,  Ashton,  near  Abbey  Lighthouse  on  the  Lune, 
over  the  mouth  of  that  river  to  Bobshaw  Pointj  and  on  to 
Heysham.  The  country  forming  the  western  boundary  of 
the  above  line  is  a  low  district,  a  good  deal  covered  up  with 
drift,  and  affording  few  i]^tural  sections  to  show  clearly  the 
rel^on  of  the  carboniferous  to  the  permian  s^ta.  The 
Strict  ^bablj  may  aiord  s<>me  seetioi^  if  carefully  inves- 
tigated, but  up  to  this  time  it  has  been  quietly  dismissc;^  hj 
colouring  it  r^d  for  trias. 
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lu  tbis  oonamwoea^n  the  awthoar  ga?>e  a  little  more  mSot- 
HHirtioa  whicb  h6  hftd  lately  <>btai»ed  m  a  Hue  frcmi  Hoghtoa 
Tow0T  to  Fleetwood;  also  at  Cockexeaad  Abbey^  south  of 
the  lAOuth  of  the  Lune,  aud  Bobfthaw  Point  and  Heyshain 
to  the  north  of  the  same  river  ^  and  made  a  few  remarks  on 
some  singular  red  sandstones  hitherto  classed  as  trias  in  tKe 
neighbonrbood  of  Wbiaton^  Huyton^  Knowsley^  Croxteth 
Pairfc^  and  Bainford,  and  laid  down  as  suoh  on  the  maps  of 
the  Geological  Survey. 

No  doubt  it  is  a  very  difficult  matter  to  determine  with 
abe(Aute  certainty  where  the  trias  strata  end  and  the  penman 
b^in,  when  there  are  no  organic  remains  to  guide  us  and 
we  have  to  trust  to  a  bed  of  red  marl  or  a  deposit  of  red  sand* 
slona.  In  the  author's  several  memoirs  published  on  this 
subject,  so  far  as  South  Lancashire  was  concerned^  the  red 
marls  and  limestones  of  Newtown  and  Bedford  are  assumed 
to  be  the  uppermost  permian  deposits  found.  It  is  quite  true, 
as  staled  ia  his  third  memoir-^^^  Some  of  the  seotions  near 
Manchester^  especially  that  seen  in  the  valley  of  the  Irk  in 
OheeAam  and  Newtown,  vfould  apparently  show  that  &e  red 
maris  oontainiBgUmestoneeukd  fossils  of  1^  genera  BakefHUUa^ 
Shkhodus,  Sec.,  passed  into  the  overlying  trias ; "  but  as  a  whole 
it  vras  aasuflfted  from  other  fads  that  the  red  sandsttee  of  the 
trias  was  unconfinrmable  to  the  underlying  permian  beds.  In 
a  paper  published  by  Sir  B.  I.  Murchison  and  Pr(^ess<Mt 
Harknesa^  printed  in  'the  Quarterijf  Jmmal  of  the  Geobh 
fiedl  Shdttf  kx  May,  1864,  as  well  as  in  the  author's  last 
memoir,  the  thick  red  sandstones  of  St.  Bees  are  described  as 
permian  and  not  as  trias,  and  were  traced  down,  as  PreJSessor 
Sedgwiok  had  previously  followed  them,  into,  Fumess  near 
Howcote  and  Barrow.  Anyone  who  sees  the  red  sandstones 
much  used  f&t  building  purposes  at  Shawk,  Maryport,  and 
St.  Bees>  and  compares  them  with  that  at  Howcote,  will  not 
be  able  to  distinguish  the  one  from  the  others.  It  is  only  fimn 
their  phjwt^  <ihai«ctf»s  that  w^  can  eompw^theae  sand- 
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stones ;  for  tip  to  this  time^  so  far  as  his  knowledge  extends, 
no  organic  remains  have  been  met  with  in  them.  Now  this 
is  bringing  a  permian  red  sandstone  above  the  Newtown  and 
Bedford  red  marls  and  limestones,  and  introduces  for  the  first 
time  an  upper  permian  sandstone  into  Lancashire ;  and  this 
rock  runs  into  the  trias  so  regularly  that  it  will  be  very  diffi- 
cult to  separate  it  by  any  well  marked  boundary  from  the 
lower  soft  sandstone  or  pebble  beds  of  the  trias  as  laid  down 
and  described  in  the  maps  and  memoirs  of  the  Geological 
Survey. 

It  is  pretty  clear  if  some  of  these  permian  and  triassic 
sandstones  are  to  be  classed  by  their  physical  characters 
alone,  that  certain  of  the  latter  rocks,  as  laid  down  by  the 
Geological  Survey  in  the  Huyton,  Croxteth,  and  Knowsley 
districts,  will  probably  have  to  be  put  into  the  permian,  for 
no  one  can  teU  the  red  flaggy  sandstone  of  Knowsley  quarry 
from  the  Howcote  and  St.  Bees  sandstones,  and  it  must  be 
taken  as  permian  just  as  the  Howcote  rock  is  identified  with 
that  at  St.  Bees. 

As  it  is  desirable  to  attempt  to  connect  the  permian  deposits 
of  the  South  and  West  of  Lancashire  with  those  in  the  north 
of  the  county,  as  seen  at  Bougham  Point  near  Flookborough, 
and  Stank  near  Fumess  Abbey,  he  gave  what  information  he 
was  possessed  of.  The  only  section  hitherto  seen  near  Preston, 
is  one  in  the  Bibble  below  that  town,  and  appears  to  be  a 
portion  of  the  pebble  beds  of  the  trias.  How  far  it  extends 
up  the  valley  of  the  Bibble  and  to  Boach  Bridge  in  Samles- 
bury,  where  the  soft  red  and  variegated  sandstones  and 
conglomerate  (permian  beds)  rest  unconformably  on  what 
appears  to  be  limestone  shale^  has  not  been  yet  determined. 
Near  Cockersand  Abbey  on  the  south  side  of  the  mouth  of 
the  Lune,  west  of  the  town  of  Lancaster,  below  high  water 
mark,  is  a  small  patch  of  what  appears  to  be  permian  sand- 
stone. 

To  the  north  of  the  last  named  place  across  the  Lune  at 
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Bobshaw  Point,  the  same  soft  red  sandstone  is  seen  on  the 
beach  covered  by  the  tide,  and  appears  to  be  a  continuation 
of  that  rock  seen  to  the  south,  but  much  better  exposed. 
With  these  exceptions  no  further  evidence  has  yet  been 
obtained  of  any  permian  beds  until  we  reach  Bougham 
Point. 

Thetriassic  beds  in  South  Lancashire,  as  seen  near  Liver- 
pool, according  to  Mr.  Hull,  are  as  follows* : — 

FOBILLTION.       DiTIBION.  StlBDITISIOir. 

/I.  Red  marl,  with  beds  of  upper  keuper 
sandstone. 
N      Red   I         ^       1^'  Lower  keuper  sandstone  or  waterstone, 
Sandato  e  ^  ^       ^^  ^  ^^^^  ^^  breccia  or  conglomerate. 

^  '  J  f  1.  Upper  red  and  mottled  sandstone. 
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Bunter.  <  2.  Pebble  beds. 

Lower  red  and  mottled  sandstone. 


Next,  as  seen  near  Manchester,  where  the  same  author 
classes  the  bunter  as  composed  of 

1.  Upper  red  and  mottled  sandstone. 

2.  Pebble  beds. 

It  will  be  seen  from  the  above  divisions  that  the  lower 
soft  red  and  mottled  sandstone  of  Liverpool  is  left  out  at 
Manchester  altogether,  the  lowest  member  of  the  trias  there 
being  the  pebble  bed.  There  certainly  is  the  Yauxhall  sand- 
stone, which  would  pass  very  well  for  the  lower  soft  red ; 
but  the  Newtown  fossils  found  above  it,  clearly  cut  off  that 
rock  from  the  trias,  and*  establish  it  with  the  permian  beyond 
all  question. 

The  author  had  not  made  many  divisions  of  the  bunter 
portions  of  the  trias.  No  doubt  they  are  useful  in  different 
places,  and  have  sometimes  to  be  varied  with  the  districts  to 
which  they  are  applied.  In  the  north,  about  Carlisle,  up  to 
this  time,  only  one  bed  of  soft  red  sandstone  without  pebbles 
has  come  under  his  notice.  But  at  Sutton,  as  previously 
alluded  to,  there  is  a  soft  red  sandstone  without  pebbles 

•  Mandheeter  Q«ological  Society's  TransactionB,  Vol.  11.  p.  28. 
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rMting  on  feminm  red  Hiarls.  Similar  sandstones^  in  the 
same  position^  are  seen  near  tbe  canal  at  Bedford ;  Mow 
Messrs.  Hampson  and  Co.'s  Printworks^  at  Clayton  Bridge^ 
Maachester ;  and  near  Messrs.  Brockleburst's  lime  Wovks^ 
at  Aidwick^  near  Manchester.  There  is  also  a  soft  red  sand- 
stone, apparently  dipping,  under  the  pebble  beds  of  Heaton 
Mersey,  near  Stoekport,  well  seen  on  the  banks  of  the  Biarsey 
from  Stockport  to  F<^  Brook,  which  would  pass  for  die 
lower  soft  sandstone  of  the  trias ;  but  for  some  reason  with 
which  the  author  is  unacquainted,  the  gentlemen  connected 
with  the  survey  prefer  (he  is  informed)  to  class  this  sandstone 
underlying  the  pebble  beds  with  the  permian  rather  than  the 
trias. 

It  appears  that  through  the  western  part  of  .Cheshire  and 
the  adjoining  county  of  Flint,  as  well  as  in  West  Lancashire, 
where  there  are  few,  if  any,  permian  strata  exposed,  the 
Geological  Survey  has  always  had  a  lower  soft  red  and  mottled 
sandstone ;  but  when  the  east  part  of  Lancashire  is  reached 
and  undoubted  permian  beds  are  found,  this  supposed  lowest 
member  of  the  trias  disappears. 

The  soft  yellow  and  ^variegated  sandstones  of  Whiston, 
Croxteth  Park,  and  Rainford,  all  resting  unconformably  on 
coal  measures,  desmbed  by  Mr.  Hull,  are  evidently  of  the 
same  age  as  the  Rainford  and  Grimshaw  delph  beds.  Un- 
foftnnatdy^  no  instance  have  amj  red  marls  been  yet  found 
lying  either  above  or  below  them.  He  had  described  the 
latter  as  permian,  whilst  Mr.  Hull  thinks  they  are  the  lower 
red  and  mottled  sandstone  of  the  trias.  But  with  respect  to 
the  Knowsley  quarry,  it  so  much  resembles  the  St.  Bees  and 
Howooto  upper  permian  sandstones,  that  if  they  were  found 
in  Fumess,  Sir  B.  J.  Murchison  and  Professor  Harkness 
would,  witbcmt  doubt,  claim  them  as  permian. 

It  is  many  years  since  the  author  first  saw  the  Knowsley 
quarry,  and  he  then  in  his  note  book  remarked  that  those 
sandstones,  especially  that  belonging  to  Mr.  Littler,  could 
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not  be  distinguished  from  the  upper  pennian  sandstones  of 
the  neighbourhood  of  Dumfries,  which  he  had  just  returned 
from  examining.  Now,  if  they  can  be  proved  to  overlie 
immediately  the  coarse  grained,  false  bedded,  soft  red  and 
mottled  sandstones  of  Whiston  and  Croxteth  Park,  both  the 
latter  as  well  as  the  former,  will  have  to  be  classed  as  permian 
rocks  according  to  the  present  Geological  nomenclature  of  the 
North  West  of  England ;  and  he  thinks  that  the  new  sections 
he  now  describes  at  Boach  Bridge,  Cockersand  Abbey,  and 
Bobshaw  Point,  tend  to  confirm  this  view. 

In  all  the  quarries  of  Lancashire  where  the  trias  sandstopes 
have  been  ivroug^t,  the  author  has  never  seen  so  hard  and 
thin  bedded  a  stone  as  that  found  at  Knowsley.  It  was 
formerly  used  for  paving  sets  in  Liverpool,  and  large  quanti- 
ties of  it  were  broken  for  road  metal  purposes,  for  which  he 
never  knew  a  trias  rock  used.  Some  of  its  beds  also  afforded 
fined  grained  flags,  with  fiices  as  smooth  as  any  permian 
sandstone  he  had  even  seen  in  the  neighbourhood  of  Dum-^ 
fries.  A  good  example  of  pebble  beds  is  seen  at  Kirkby 
Rough;  but  this  rock  bears  no  resemblance  to  the  stone  at 
Knowsley  quarry,  and  the  two  stones  cannot  well  be  classed 
as  the  same  from  their  characters. 
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MIOROSOOPIOAL     SECTION. 

February  20th,  1865. 

Dr.  W.  C.  Williamson,  F.R.S.,  in  the  Chair. 

Dr.  Alcook  showed  mounted  specimens  of  the  Carapaces 
of  Entomostraca,  picked  from  shore  sand  from  the  coast  of 
Galway.  They  included  Cythere  albo-maculata,  angustata, 
variabilis,  flavida,  convexa,  impressa,  pellucida,  and  quadri- 
dentata;  besides  about  thirty  other  species  of  Cythere  and 
Cythereis  which  are  not  described  in  Dr.  Baird's  Monograph. 

Professor  Williamson  said  that  the  further  we  extend 
our  observations  of  the  lower  forms  of  animal  life,  the  greater 
become  our  difficulties  in  determining  specific  distinctions ; 
and  in  the  present  case  it  must  be  remembered  that  we  have 
only  the  shell  or  carapace  for  examination,  and  this  outer 
skin  is  of  less  value  for  distinctive  characters  than  the  internal 
parts.  Then  again  it  is  known  that  some  of  the  entomostraca 
undergo  several  metamorphoses  similar  to  those  passed 
through  by  the  higher  Crustacea  before  they  become  adult, 
so  that  he  should  not  be  at  all  surprised  if  some  ten  or 
twenty  of  these  different  forms  turned  out  to  belong  to  one 
and  the  same  species.  There  still  remained  a*  third  difficulty, 
the  greatest  of  all,  namely,  the  doubtfrilness  of  what  a  species 
is ;  and  in  the  lower  forms  of  life  the  variability  is  so  great  that 
he  doubted  if  specific  distinctions  could  be  made  with  any 
certainty.  The  same  remark  is  applicable  to  the  lowest 
forms  of  the  higher  divisions  of  animals,  and  the  entomostraca 
standing  low  in  the  articulate  dass  are  probably  subject  to 
mmilar  variability. 
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Specimens  of  Hydra  with  Paramcecium  anrelia  and  Tricho- 
dina  pediculus  parasitic  upon  them  were  shown  by  Mr.  A. 
Brothers. 


February  27th,  1866. 
J.  SiDBBOTHAM,  Esq.^  President  of  the  Section,  in  the  Chair. 

Exhibitions. 

The  shell  of  an  oyster  with  a  thick  layer  of  soft  chalk-like 
deposit  lining  its  inner  surface. — ^Mr.  NevilL 

A  ball  composed  apparently  of  fragments  of  some  vegetable 
fibre  felted,  from  the  shore  of  the  Mediterranean  at  Cannes. — 
Mr.  Sidebotham. 

«  Flowers  of  a  species  of  Euphorbia,  and  a  leaf  of  Cycas. — 
Mr.  Grindon. 

Mounted  specimens  of  the  larval  shells  of  Saxicava  rugosa. 
Area  tetragona,  and  Ostrea  edulis;  also  of  Lima,  Pecten, 
Cardium,  and  others  not  yet  specifically  distinguished,  from 
Connemara  shore  sand. — Thomas  Alcock,  M.D. 

A  series  of  shells  of  Helix  nemoralis,  HeUx  hortensis,  and 
Helix  hybrida  were  shown  by  Mr.  Sidebotham,  who  stated 
his  belief  that  the  two  former  are  good  species,  and  the  third 
a  true  hybrid. 

Communication. 

Mr.  G.  E.  Hunt  read  the  following  *' Notes  on  Mosses.*' 
Campylopus  setifolius,  Wils. — ^This  species  was  described 
by  Wilson  in  his  Bryologia  Britannica,  from  specimens 
collecfiBd  by  the  late  Dr.  Taylor  on  Carrig  Mountain,  Ireland. 
Since  then  it  has  been  observed  by  Dr.  Moore,  of  Dublin,  in 
County  Wicklow  and  on  Cromaglaun ;  by  myself,  in  great 
abundance  at  Cromaglaun  and  Gap  of  Dunloe,  Killamey. 
In  these  stations  it  is  the  female  plant  that  we  find.    In 
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August,  i6tS,  kowever,  1  iaht  Afe  Ad^  iplAlit  on  the  Bioore 
of  the  isle  otfekye,  tlu^  "being  the  only  tecotdfe'A  OWUmncice 
of  the  male  plant,  and  the  only  occasion  of  the  sp^es  beStig 
found  out  of  Ireland.  It  k  «t  «ace  distinguished  from  every 
other  Campy lopus  by  the  large  auricles  of  the  base  of  the  leaf^ 
which  are  composed  df  pc^edtty  6<)folft1ess,  diaphanous  cells, 
and  by  the  large  red  quadrate  cells  above  this  base. 

In  tHcranodontium  long^rostre,  which  presents  fitoliie 
characters  similar  to  this  cpeoiei^  the  large  quadrate  cells 
above  the  base  are  green.  Specimens  were  exhibited  of  both 
the  above  species;  also  Scotch  ones  of  Dicranodontium 
aristatum. 

At  Southport,  in  Kovembet  last,  1  observed  a  new  species 
of  Brachythecium,  intermediate  between  campestre  and  ruta- 
bulum,  differing  from  the  former  in  its  less  plicate  leaves 
and  very  rough  setse,  and  from  the  latter  in  its  slighfly 
plicate  leaves,  lanceolate,  gradually  tapering  from  a  wide 
base  to  a  very  acute  point,  not  at  all  accuminate,  shining ; 
inflorescence,  as  in  these  species,  monoicous.  If  a  variety,  it 
must  be  united  with  Brachythecium  campestre,  which  has 
not  yet  been  certainly  identified  in  Britain.  Specimens  were 
exhibited. 
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PHYSICAL  AND   MATHBMATIOAL   SEOTION. 

Annual  Meeting,  Mareh  16tb,  1865. 

BoBBRT  WoRTHiNGTON,  F.B.A.S.,  Vice-President  of  the 
Section,  in  the  Chair. 

Tlie  following  gentlemen  were  elected  OMcers  of  the 
Section  for  the  ensuing  year: — 

ytfstirciit* 
9.  W.  BINNSY,  7.RS.,  F.a.B. 

ItOBEM  WOETHINaTON,  F.B.A.S. 
JOSSPH  BAXEXDELL,  FJLi.S. 

flPitsiiitvtr. 
THOSIAS  GABltlOE. 

WttXtiMXXI, 
PB0FHS80B  B.  B.  OLIBTON,  M.A.,  F.B.A.S. 

Mr.  Baxekbbll  communicated  a  series  of  Raingauge  and 
Anemometer  Observations  made  at  St.  Martin's  Parsonage^ 
Casdeton  Moor^  during  the  year  1864,  by  the  Bev.  J.  Chad- 
wick  Bates,  M.A.,  RB.A.S.,  F.G.S. 

Tlie  geograpUcal  poation  of  St.  Martin's  Parsontge  is 
kil.«r85'«rN.;  long.^KysrW.;  and  the  site  ef  the 
nmagaugts  is  475  feet  above  mean  sea  kreL  Tiw  gmiges 
employed  cemprise  diree  of  five  inches  diameler,  constrtetM 
en  Howard's  prindpK  ^nd  tnade  by  CaseUn^  <^28,  Hatton 
Garden ;  and  t&ree  of  eight  inehcis  ^Uameter,  on  Mr.  Gkkber^i 
plan,  made  by  Negretti  and  Zanlbra.  One  gaugei>f  «adi  set 
is  placed  at  an  elevation  of  one  foot,  another  at  five  feet,  and 
the  third  at  twenty  feet  above  the  ground;  and  they  hay^  all 
been  leveled  and  tested  by  Mr.  Symons. 
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The  anemometer  is  by  Casella,  and  is  a  Robinson's^  as 
improved  by  Col.  Sir  Henry  James. 

To  ensure  correctness  as  far  as  possible^  every  instrument 
has  been  carefully  tested  both  before  being  placed  and  also 
afterwards;  and  they  are  all  read  by  Mr.  Bates  every  morning 
at  nine  o'clock^  and  in  his  absence  by  his  schoolmaster ;  and 
that  their  readings  may  be  as  much  as  possible  alike^  they 
often  read  them  together ^for  the  purpose  of  comparison. 

The  monthly  amounts  of  rain  received  by  the  different 
gauges  and  the  movement  of  the  wind  are  shown  in  the 
following  table : — 


January..., 
February  . 
March   ... 

April 

May  

June 

July  

August  ... 
September 
October..., 
Noyember 
DeoembOT 


6-nroH  G-Axrais. 


90  feet 
elera- 


2-087 
4135 
1-999 
1-205 
8185 
8-414 
2-042 
2-205 
8-624 
2-616 
8-548 
2-287 


5fee( 
elera- 
tion. 


2-219 
4-248 
2108 
1-285 
8-250 
8-566 
2-141 
2-326 
3-803 
2-738 
3-776 
2-456 


ifoot 
elera- 
ttoo. 


2-360 
4-312 
2-268 
1-396 
8-849 
8-719 


2-504 
4-104 
2-849 
4-077 
2-672 


8-nrOH  0iLT7OB8. 


90  feet 
elera- 
tian. 


2-060 
4-385 
1-915 
1119 
8-245 
8-629 
2124 
2-277 
8-776 
2-690 
8-699 
2-344 


82-846  83-916  36869  33-163  84*997  86064  78813 


5fbet 
elevft- 
tion. 


2-244 
4-607 
2-210 
1-309 
8-293 
8-643 
2-196 
2-378 
3-923 
2-704 
8-947 
2-648 


Ifool 

elera- 

tfOD. 


2-820 
4-564 
2-278 
1-406 
8-848 
8-726 
2-304 
2-452 
4091 
2-785 
4-068 
2-718 


IVHel 

mentof 
Wind. 


6422 


9016 
6927 
6997 
6799 
6170 
5142 
6280 
7556 
6302 
6089 


From  these  results  it  appears  that  in  every  month  of  the 
year,  and  with  both  sets  of  gauges,  the  highest  gauge  received 
the  least  amount  of  rain;  and  that  the  8  inch  Glaisher 
gauges  received  slightly  greater  amounts  than  the  corre- 
sponding 5  inch  Howard's.  The  movement  of  the  wind  was 
greatest  in  March  and  least  in  August,  No  relation  appears 
to  exist  between  the  monthly  amounts  of  rainfall  and  the 
monthly  movement  of  the  wind. 

NOTE   BY   MB.   BAXBNDELL. 
The  differences  between  the  amounts  of  rain  received  by 
gauges  placed  at  different  elevations  at  the  same  station,  are 
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attributed  by  some  meteorologists  to  the  influence  of  the 
wind.  In  order  to  test  the  soundness  of  this  view^  Mr.  Bates's 
observations  were  arranged  in  three  groups ;  the  first  group^ 
comprising  all  the  rainy  days  on  which  the  movement  of  the 
wind  did  not  exceed  200  miles ;  the  second,  those  on  which 
it  was  greater  than  SCO  miles,  but  did  not  exceed  800;  and 
the  third,  those  on  which  it  exceeded  800  miles  per  day.  The 
number  of  days  in  each  group,  the  mean  daily  movement  of 
the  wind,  and  the  amounts  of  rain  received  by  the  different 
gauges  were  as  follows : — 


Ozoop. 

Number 
of 

Qronp. 

Mean 
Daily 

ment 

of 
Wind. 

SInohGMcei. 

dlnohOMcei. 

menlOon. 

raeratton. 

aoft 

Uk. 

m. 

9Qfl. 

Uk. 

Ifi 

1 
2 
8 

61 
59 
55 

133 
249 
385 

In. 

8-329 
12-713 
11-304 

In. 

8-636 

18-388 

11-893 

In. 

9071 

14-171 

12-629 

In. 

8-517 
13117 
11-526 

In. 

8-786 
13-875 
12-342 

In. 

9007 

14-390 

12-660 

Representing  by  unity  the  quantity  of  rain  received  by 
the  lowest  gauge  in  each  set,  we  have  the  ratios  giren  in  the 
following  table : — 


Group. 

Mean 

M^lSSnt 

of 

Wind. 

5  iDoh  Gangeik 

8  Inoh  Ckmget. 

Batloac 
al 

soft 

fifl. 

of  Bain 
of 

1ft 

Batloao 
a» 

soft 

fift 

of  Bain 
1ft 

1 
2 
8 

133 
249 
885 

In, 
0-918 
0-897 
0-895 

In. 
0-951 
9-944 
0-941 

In. 
1-000 
1-000 
1-000 

In. 
0-945 
0-911 
0-910 

In. 
0-976 
0-964 
0-974 

In. 
1000 
1-000 
1000 

Comparing  the  results  for  group  I  with  those  for  group  2, 
it  would  appear  that  an  increase  in  the  velocity  of  the  wind 
from  183  to  Ji49  miles  per  day,  has  a  very  sensible  effect  in 
diminishing  the  ratios  for  the  higher  gauges ;  but  on  com- 
paring groups  2  and  3,  it  appears  that  the  effect  of  a  still 
further  increase  in  the  velocity  of  the  wind  from  249  to  885 
miles  per  day,  is  hardly  appreciable.   The  differences  between 
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the  ratios  in  groupfi  1  and  S  must  tkerefore  be  due^  to  a  great 
extent^  to  some  other  cause  than  the  influence  of  the  wind. 
Determining  for  each  group  the  mean  daily  nun&U,  we  have 

0ln.QMice»t  8IiLG«a8e»t 

1  foot  eleration.  1  foot  elenktion. 

Group.  In.  In- 

1  Mean  daUy  Bain&U   =^     0*148  0-147 

2  -=     0-240  0-843 

3  =     0^229  0-230 

The  mean  daily  rainfall  is  therefore  much  less  in  group  1 
than  in  either  of  the  other  groups,  thus  mdicating  a  less 
abundance  of  rain-forming  moisture  in.  the  atmosphere,  owing 
to  which  the  rain  drops  in  folKng  could  not  increase  in  size 
so  rapidly  as  under  the  more  favourable  conditions  which 
existed  on  the  days  included  in  groups  2  and  3. 

Separating  the  rainy  days  from  those  on  which  no  rain  fell, 
we  have  for  each  month  the  following  results : — 


Januaiy..., 
February  . 
Mardi  ..., 
April .,..,. 
Auty  ...... 

June , 

July  

August  ... 
Soptomber 
October... 
KoTember 
December 


Wo. 

Vatal 

S^JiTf 

IMil 

^KSiSilf 

'ofDsyi 

MoTement 

of  Wind 

No.  of 

MOTOnMOt 

of 

ofthtt 

onDafs 

Fair 

Wind. 

Of  Wind 

Bftln. 

Wind. 

^ 

DtTB. 

onlUr 

Bftln. 

DW. 

13 

3234 

249 

18 

3188 

177 

12 

3583 

298 

17 

3080 

181 

17 

6039 

366 

14 

2977 

218 

11 

1900 

172 

19 

4027 

212 

12 

2158 

179 

19 

3844 

202 

19 

4ee9 

245 

11 

2130 

193 

10 

2461 

£46 

21 

8719 

177 

16 

8153 

197 

15 

1989 

132 

22 

5184 

235 

8 

1016 

131 

12 

3911 

326 

19 

3615 

192 

17 
U 

4532 
3224 

266 
230 

13 
17 

1770 
2865 

136 

168 

176 

44088 

261*6 

191 

34280 

1^9-4 

From  this  table  we  see  that  in  every  month,  e:^cept  April 
and  May,  the  mean  daily  movement  of  the  wind  was  greater 
on  rainy  than  on  fair  days ;  and  that  the  mean  daily  move- 
ment on  rainy  days  for  the  entire  year  was  251-6  miles,  and 
on  days  on  which  no  rain  fell  only  179*4  miles. 
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The  mean  results  for  the  meteorological  quarters^  and  their 
ratios,  are-^ 


\rmter  .... 
Spring   .... 
SiiTnm^^r. . . . 

of  the  Wind                     ofth^Wind 
oaBainjDtju.                 onlUrBays. 

257          ...           176 
252          ...          208 
228          ...          166 

BatiM 

0-68 
0-82 
0-72 

AlltllTTITI.... 

267          ...          161 

0-60 

From  the  numbers  in  the  last  column  it  appears  that  the 
mean  velocity  of  the  wind  on  days  when  no  rain  fell,  as  com- 
pared with  that  on  rainy  days,  was  greatest  in  spring  and 
least  in  autumn ;  and  that  the  relative  velocities  in  winter 
and  summer  were  very  nearly  equal.  It  will  be  interesting 
to  ascertain  whether  this  remarkable  relation  holds  good 
through  a  series  of  years. 

Arranging  the  rainy  days  in  four  groups,  the  first  contain- 
ing the  days  on  which  the  rainfall  did  not  exceed  0*2  inch ; 
the  second  those  on  which  it  was  above  0*2  inch,  but  did  not 
exceed  0*4  inch ;  the  third  thoSe  on  which  it  was  above  0*4 
inch,  but  did  not  exceed  0*6  inch ;  and  the  fourth  those  on 
which  it  exceeded  0*6  inch ;  and  determining  for  each  group 
the  mean  daily  movement  of  the  wind,  we  have  the  following 
results : — 

Qroqpu 


Otoop. 

108 

In.             In. 

0-0  to  0-2 

HwmlMly 

236 

40 

0-2  —  0-4 

270 

17 

0-4  —  0-6 

300 

10 

above  0-6 

263 

3 

4 

It  appears,  therefore,  that  the  maximum  mean  daily  move- 
ment of  the  wind  occurs  when  the  daily  rainfall  is  about 
half  an  inch,  and  that  during  excessive  falls  of  rain  the 
velocity  of  the  wind  is  very  sensibly  diminished. 

Mr.  G.  V.  Vernon,  F.R.A.S.,  communicated  the  following 
''Note  on  the  Rainfall  of  the  last  Twenty-nine  Years  at 
Boyton,  Oldham,"  by  John  Heap,  Esq. 

Seeing  in  the  proceedings  of  the  Manchester  Literary  and 
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Philosophical  Society  a  few  days  since^  a  statement  of  ndnfaU 
in  the  past  year  and  comparisons  with  the  average  ML  for  71 
yearsi  I  was  led  to  examine  the  mean  monthly  values  from 
my  observations  during  the  last  2d  years^  in  order  to  ascertain 
how  far  they  would  bear  out  the  theory  of  a  maximum  value 
in  October  and  minimum  in  Aprils  and  find  they  agree  with 
the  theory  in  every  particular^  even  with  the  exception  in 
September.  And  moreover  I  find  that  the  sum  of  the  monthly 
mean  values  of  any  two  months^  six  months  apart^  as  January 
and  July^  February  and  August^  &c.^  is  very  nearly  the  same 
value^  being  about  one-sixth  of  the  yearly  average. 

Below  are  the  results,  and  also  Mr.  Ybrnon's    mean 
values  :— 


1861 

January 11 

February  12 

March    17 

April 10 

May  11 

Jime  18 

July  •  9 

August 13 

September 21 

October 13 

November 18 

December 17 

170 

Monthly  meant  of  1861 

January  aud  July . 


nnin 


1-479 
3-686 
2-276 
1-260 
2-833 
3-450 
2-036 
2-832 
4-130 
2-800 
3-886 
2-860 

33-424 


▲Tcngeof 
SYean. 

2-369 
2-201 
2-133 
2093 
2-388 
3-117 
3-294 
3-696 
3-071 
3-680 
3-026 
2-666 

33-623 


nUramiosnoiii 
STeanATtnttk 

.  -0-890 

.  +1-384 

.  +0-142 

.  -.0-833 

.  +0-445 

.  +0-333 

.  -1-269 

.  -0-763 

.  +1-059 

.  -0-880 

.  +0-869 

.  +0-204 


February 

March 

April 

May 

June 


August 
Sep.  ... 
Oct.  ... 
Nov.... 
Deo.... 


Im. 

Monthly  meanf  of,  for  71  jean. 

6-663* 

January  and  July ... 

5-796 

February  „  August 

5-204 

March       „   Sep.   .. 

5-773 

April         „   Oct  ... 

5-414 

May          „   Nov.... 

5-773 

June         „   Dea  ... 

-0-199 

Ina. 

6-029 
6-971 
6-546 
6-856 
6-824 
6173 


33-623 


36-398 
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Ordinary  Meeting,  April  4th9  1865. 

B.  Angus  Smith,  Ph.D.,  F Jt.S.,  President,  in  the  Chair. 

Messrs.  H.  M.  Ormerod  and  W.  Brockbank  were  appointed 
Auditors  of  the  Society's  Accounts  for  the  present  Session. 

A  communication  was  read  entitled  ''An  Instance  of  the 
Injurious  Action  of  Alkalies  on  Cotton  Fibre,"  by  Messrs. 
Heinbich  Card  and  William  Danckr. 

A  remarkable  instance  of  the  deleterious  action  of  alkali 
on  cotton  fibre  has  lately  come  under  our  notice,  when 
examining  some  indigo  prints,  which  had  been  stiffened  or 
finished  with  silicate  of  soda,  and  kept  in  bales  during  about 
two  years.  The  strength  of  the  fibre  of  the  greater  part  of 
these  goods  had  decreased  to  about  one-third  of  the  strength 
of  some  pieces  which  had  beerl  packed  in  the  same  bales,  and 
which  differed  in  no  other  respect  from  the  others  except 
in  their  having  been  finished  with  starch.  We  therefore 
surmised  that  silicate  oT  soda  had  been  the  primary  cause  of 
the  deterioration  of  the  goods.  Further  observations  con- 
vinced us,  however,  that  the  injury  was  due  to  the  long  con- 
tinued action  of  free  or  carbonated  alkali  upon  the  cotton 
fibre. 

Some  of  the  sound  pieces  (which,  as  before  mentioned,  had 
been  finished  with  starch)  had  been  packed  between  the 
silicated  goods,  and  had  abstracted  soda  from  them  which 
had  penetrated  from  the  places  of  contact  into  the  interior  of 
the  pieces  to  a  considerable  depth.  In  the  same  ratio  in 
?BOonDnroi  Lit.  ft  Phil.  Sooiitt— Yol.  iy.^27o.  14.^Siisioir  1864-Q. 
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which  the  pieces  had  taken  up  soda  it  was  found  that  they 
had  diminished  in-  strength.  On  the  other  hand  it  was  found 
that  in  such  places  of  contact  the  silicate  of  soda  of  the  sili- 
cated  goods  had  suffered  a  partial  decomposition^  extending 
to  the  depth  of  four  or  five  layers  of  the  pieces.  The  silicate 
of  soda  in  the  middle  of  the  pieces  contained  from  70  to  74 
per  cent  of  silicic  acid^  combined  with  from  30  to  26  per  cent 
of  soda ;  whilst  the  analysis  of  the  silicate  of  soda  contained 
in  the  contact  layers  showed  that  from  one-third  to  two- 
thirds  of  its  soda  had  been  abstracted  This  loss  of  soda 
was  accompanied  by  a  change  of  strength  of  the  doth  which 
appeared  to  bear  some  proportion  to  it ;  the  layers  or  folds 
of  the  cloth  decreasing  in  strength  as  they  were  removed 
from  contact  with  the  starched  goods  until  the  silicate  of  soda 
attained  the  same  composition  as  that  found  in  the  most 
rotten  parts  of  the  piece^  this  generally  taking  place  about 
the  fourth  or  fifth  layer  or  fold  of  the  piece,  as  before 
stated. 

The  following  table  shows  the  changes  in  strength  produced 
by  this  decomposition  of  the  silicate  of  soda. 


FnOBHID  WITH  SnJOATB  GW  SODA. 

Iftf^ 

OoBtafllLww. 

:o»t.cixi.^. 

SikL 

M. 

Wl 

ath. 

Middle 

StWDgth... 

100 

81 

88 

68 

62 

54 

48 

86 

The  silicate  of  soda  had  evidently  been  deoomposed  vnth 
the  formation  of  free  alkali  and  an  acid  silicate  which  appears 
to  have  very  little  action  on  the  cotton  fibre. 

In  some  places  the  decomposition  had  gone  frirther,  and 
free  silicic  acid  had  separated  out  in  the  form  of  a  white 
powder  upon  the  surfitce  of  the  cloth.  The  same  decomposi- 
tion^ accompanied  by  the  same  changes  in  the  strength  of  the 
cloth,  was  observed  upon  all  pieces  which  had  been  in  con- 
tact with  the  paper  used  for  wrapping. the  bales.     In  this 
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instance  the  paper  had  absorbed  the  liberated  soda^  and  the 
cloth  in  contact  with  it  had  almost  entirely  retained  its 
original  strength. 

The  white  portions  of  the  patterns  were  in  a  further 
advanced  state  of  decay  than  the  blue  ones^  in  most  instances 
retaining  only  10  per  cent  of  their  original  strength.  In  the 
goods  finished  with  starch  only^  the  whites  were  equally  as 
strong  as  the  blues.  In  the  goods  finished  with  silicate  of 
soda  the  whites  were  almost  as  strong  as  the  blues  in  all 
places  where  the  before-mentioned  decomposition  of  the 
silicate  of  soda  had  been  accompanied  by  an  abstraction 
of  soda;  but  in  the  interior  of  the  goods>  where  the  silicate  of 
soda  had  retained  its  original  composition^  the  strength  of  the 
whites  had  decreased  to  about  one-third  of  that  of  the  blues* 
It  was  therefore  evident  that  this  excessive  decay  of  the 
whites  was  due  to  some  cause  which  had  assisted  the  action 
of  the  alkali  upon  them^  and  we  believe  to  have  found  an 
explanation  of  this  in  the  action  of  the  silicate  of  soda  upon 
the  sulphate  of  lead  contained  in  them  to  the  amount  of 
about  10  per  cent  of  the  mineral  ash. 

Sulphate  of  lead  has  been  an  ingredient  of  the  resist  paste 
printed  upon  the  places  intended  to  remain  white^  and  by 
the  subsequent  action  of  lime  and  sulphuric  acid  it  has 
become  fixed  in  the  fibre.  We  have  noticed  that  sulphate  of 
lead  decomposes  solutions  of  silicate  of  soda  very  rapidly,  with 
formation  of  sulphate  of  soda^  free  silicic  acid,  and  silicate 
of  lead. 

These  changes  give  rise  to  the  production  of  a  crystallisable 
and  strongly  efflorescent  salt,  and  to  an  increase  in  bulk ; . 
and.  we  think  that  the  mechanical  effect  produced  by  the 
crystallisation  of  the  sulphate  of  soda  formed  may  have  caused 
a  further  and  final  disintegration  of  the  fibre  already  weakened 
by  the  action  of  the  alkali.  Under  the  microscope  the 
fibre  of  the  white  portions  of  the  pattern  presented  the 
appearance    of  cjfUndrioal   tubes,    partially    covered  with 
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minute  crjrstals   (soluble  in  water);  in  some  places  these 
tubes  appeared  to  be  split  longitudinallj. 

A  paper  on  the  same  subject  was  lately  read  before  the 
Chemical  Society  of  London  by  Dr.  F.  Cbaob  Calvbrt, 
F.B.S. 

A  paper^  entitled  '^Remarks  on  the  Microscopical 
Appearances  of  Cotton  Hair  during  Dissolution  in  the 
Ammoniacal  Solution  of  Copper/'  was  read  by  J.  B.  Dancer^ 
F.R.A.S. 

The  structure  of  cotton  hairs  has  occasionally  furnished  an 
interesting  topic  for  conversation  at  the  meetings  of  our 
Microscopical  Section. 

Two  of  our  members,  Mr.  Chas.  O'Neill  and  Mr.  Heys, 
have  given  considerable  time  and  attention  to  this  subject. 
Mr.  Walter  Crum,  F.R.S.,  communicated  to  the  Chemical 
Society  a  memoir  *'  On  the  Cotton  Fibre,"  and  the  manner 
in  which  it  unites  with  colouring  matter.  His  paper  is 
illustrated  with  some  beautifully  executed  drawings  of  the 
microscopical  appearances  of  cotton  in  the  natural  state,  and 
when  mordanted,  mercerised,  and  treated  with  various  dyes ; 
this  paper  is  well  worthy  the  attention  of  those  interested  in 
this  branch  of  inquiry.  Mr.  Crum  has  presented  a  copy  of 
his  memoir  to  this  society.  His  description  of  the  ordinary 
appearance  of  the  cotton  fibre  agrees  so  nearly  with  what  I 
believe  it  to  be,  that  I  will  take  the  liberty  of  referring  to  his 
printed  paper  at  page  5.  To  Mr.  Crum's  description  I  may 
add,  that  many  specimens -of  cotton,  especially  on  the  cylin- 
drical portion  of  the  hairs,  shew  transverse  markings.  At 
times  these  appear  at  tolerably  regular  intervals,  they  have 
been  claimed  as  evidences  of  spiral  structure;  when,  however, 
they  are  examined  with  magnifying  powers  of  1,000  to  I, £00 
diameters  they  proved  to  be  cracks  in  the  external  membrane. 
Other  portions  of  cotton  exhibit  longitudinal  farrows,  irregular 
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in  length  and  direction — ^having  a  shrivelled  appearance  some- 
thing like  the  bark  of  an  aged  tree.  In  gun  cotton^  the 
transverse  cracks  are  very  numerous.  From  an  examination 
of  transverse  sections  of  cotton^  I  incline  to  the  opinion  that 
there  is  an  external  membrane  distinct  from  the  true  cell 
wall  or  cellulose  matter  ;*  inside  the  cellulose  there  is  an 
irregular  cavity,  this^  in  some  spe^cimens  (when  viewed 
longitudinally),  appears  to  contain  granules,  probably  the 
remains  of  the  organising  fluid  contents  of  the  cell,  the 
mucous  matter  which  is  seen  in  growing  cotton  as  mentioned 
by  Captain  Mitchell,  in  his  letter  to  Mr.  Hurst,  read  at  this 
society,  March  g2nd,  1864. 

On  the. 21st  of  April,  1868,  Mr.  Chas.  O'Neill  made  a 
communication  to  this  section,  ''On  the  Appearance  of 
Cotton  Fibre  during  Solution  and  Disintegration ;"  these 
experiments  referred  to  the  application  of  Schweizer's  solu- 
tion of  copper  and  ammonia. 

Under  the  action  of  this  solvent,  Mr.  O'Neill  considers 
that  cotton  exhibits  spiral  vessels  situated  either  inside  or 
outside  the  external  membrane.  In  a  paper,  read  by  the 
same  gentleman,  on  the  18th  of  May,  1863,  it  is  stated  that 
spiral  vessels  are  seen  during  the  solution  of  gun  cotton  in 
ether  and  alcohril.  On  the  21st  of  December,  1863,  Mr.  Heys 
read  a  paper  before  this  section^  in  which  he  refers  to  spiral 
vessels  in  cotton  hairs  which  seem  to  prevent  the  collapse  of 
the  tubes.  The  announcement  of  the  discovery  of  spiral 
vessels  excited  my  curiosity.  Having  often  examined 
varieties  of  cotton  under  the  microscope,  without  suspecting 
any  such  structure,  I  was  naturally  desirous  of  witnessing  its 
appearance  during  dissolution. 

A  careful  examination  of  cotton  in  the  copper  solvent, 
with  powers  varying  from  50  to  1,200  diameters,  showed  me 
the  appearances  described  by  Mr.  O'Neill.    I  could  not,  how- 
ever, endorse  his  interpretations  of  them.    On  the   16th 
•  Soe  Mr.  O'KeOl't  Paper,  April  25th,  1868. 
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of  January^  1865,  I  sent  a  letter  to. the  cbairman  of  the 
microscopical  section^  stating  my  belief  that  the  spiral 
appearances  could  be  clearly  traced  to  a  mechanical  action 
which  the  solvent  exerted  on  the  vegetable  cell^  and  that  at 
some  future  time  I  hoped  to  illustrate  this  to  the  members  of 
the  section. 

Since  December  last,  I  have  subjected  cotton  during 
microscopical  examination  to  a  variety  of  influences  in  adds, 
alkalies,  metallic  solution^,  iodine,  and  also  gun  cotton  in 
varied  proportions  of  ether  and  alcohol.  Repeated  experi- 
ments tend  to  confirm  my  disbelief  in  the  existence  of  spiral 
vessels,  properly  so-called,  either  inside  or  outside  cotton 
hairs* 

It  would  be  difficult  to  explain,  by  means  of  drawings, 
how  these  pseudo  spirals  are  created,  and  have,  therefore, 
supplied  a  number  of  microscopes  for  the  purpose  of  showing 
at  the  close  of  the  meeting  the  actual  appearances. 

Some  of  the  gentlemen  present  have  witnessed  these 
experiments,  but,  for  the  benefit  of  those  who  have  not,  I 
shall  attempt  a  brief  explanation  to  enable  them  to  compre- 
hend more  readily  what  they  will  see  under  the  microscopes. 

In  order  to  observe  the  action  of  the  copper  solvent  on 
cotton,  place  a  few  hairs  about  a  quarter  of  an  inch  in  length 
on  a  glass  plate,  and  cover  them  with  thin  glass ;  it  is  useful 
to  rub  a  little  beeswax  on  the  glass  plate,  in  such  a  manner, 
as  will  just  support  the  covering  glass  to  prevent  too  great  a 
pressure  on  the  cotton ;  then  arrange  the  cottx>n  under  the 
microscope  with  a  power  of  not  less  than  200  diameters. 
The  splvent  should  be  applied  by  a  glass  pipette  to  the 
edge  of  the  covering  glass  whilst  the  observer  is  looking 
through  the  microscope  (this  is  important).  If  the  solvent 
is  very  strong,  the  action  is  too  rapid  for  the  eye  to  follow, 
if  o(  moderate  strength  it  will  be  seen  that  as  soon  as 
the  solvent  comes  into  contact  with  the  cotton  in  the  field 
of  view,  a  rapid  rotation  or  twisting  of  the  hairs  takes  place. 
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In  my  opinion,  itie  this  rotating  action  which  brings  about 
the  appearances  which  have  been  mistaken  for  spiral  vessels. 

The  explanation  which  I  have  to  offer  for  the  phenomenon 
is  this :  firsts  we  have  the  external  membrane  of  the  cotton^ 
then  the  cellulose  and  primordial  utricle^  and  finally,  the 
dried  contents  in  the  cell,  which  I  take  to  be  the  remains  of 
the  organising  fluid. 

Observation  sboyrs  that  the  external  membrane  is  not 
elastic  and  only  partially  soluble. 

The  cellulose  is  ezoeeding^  elastic  and  soluble,  and  ex- 
pands to  a  remarkable  degree  in  the  act  of  dissolution.  The 
contents  of  the  cell  behave  in  a  similar  manner  to  that  of  the 
external  membrane ;  it  is'  neither  elastic  nor  very  soluble. 
The  most  successful  experiment  is  made  by  allowing  the 
copper  solvent  to  come  at  once  into  contact  with  some  length 
of  the  cotton  hair.  The  solvent  permeates  some  parts  of  the 
external  membrane  more  easily  than  others,  and  causes  a 
rapid  expansion  of  the  cellulose,  which  bursts  the  external 
membrane,  and  as  this  aotion  is  taki^  place  at  various  por- 
tions of  the  same  hair,  a  tangential  force  is  exerted  whioh 
twists  and  contorts  the  cotton  in  the  direction  of  its  length, 
and  thus  a  spiral  appearance  is  given  to  the  whole  structure 
of  the  cell. 

The  non-elastic  external  covering  is  twisted  round  the 
expanded  oelkdose,  sometimes  as  a  single  band,  at  oth<ers 
like  a  bundle  of  fibres. 

In  those  parts  where  die  external  covering  has  given  way 
all  round  the  hair,  the  cellulose  expands  into  a  bulb,  pushing 
back  the  external  membrane  into  a  series  of  folds  which  form 
a  ligature,  and  resists  the  expansive  force  of  the  cellulose.  A 
number  of  these  ligatures  cause  the  expanded  cellulose  to 
assume  the  appearance  of  a  string  of  beads.  Hie  lateral 
expansion  of  the  cellulose  contracts  the  length  of  the  hair, 
and  this  causes  the  contents  in  the  cavity  of  the  cell  to 
assume  a  corrugated  appearance;  this  corrugation  has  also 
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been  subjected  to  the  twisting  power  along  with  the  other 
parts  of  the  cell^  and  thus  its  spiral  appearance  is  pro- 
duced. 

What  becomes  of  the  primordial  utricle^  I  cannot  state 
with  certainty.  After  the  disappearance  of  the  cellulose 
there  is  an  envelope  left,  which  surrounds  the  contents  of 
the  cavity^  this  may  be  the  primordial  utricle^  or  the  film 
left  by  the  drying  up  of  the  protoplasmic  or  organising 
fluid. 

If  the  solvent  is  made  to  come  into  contact  with  the  ends 
of  recently-cut  cotton  a  beautiful  trumpet  mouth  is  pro- 
duced— the  exposed  sur&ce  of  cellulose  has  expanded  and 
pushed  back  the  external  covering  into  folds— the  contents  of 
the  cell  may,  in  this  case^  be  seen  projecting  from  the  mouth 
of  the  trumpet  form. 

Long  after  the  complete  dissolution  of  the  cellulose  has 
taken  place^  the  external  membrane  remains  just  as  the 
rotation  or  twistings  had  left  it^  some  portions  in  the  form  of 
rings  J  which  had  beei^the  ligatures  between  the  bulbous 
expansions^  other  portions  as  irregular  spirals. 

The  cell  contents  also  remain  as  twisted  corrugations. 
From  the  observed  difference  in  solubility  between  the  cellu- 
lose and  the  external  and  internal  matter^  I  should  imagine 
a  difference  in  constitution. 

A  few  experiments  have  led  me  to  suspect  that  some  of  the 
spiral  appearances  observed  in  hemp  and  flax  fibres  during 
dissolution  may  possibly  be  caused  by  the  mechanical  action 
of  the  solvent  employed. 

P.S. — In  making  the  cupric  oxide  with  ammonia,  the 
oxide  of  copper  requires  a  thorough  washing  before  dissolving 
in  the  ammonia.  The  presence  of  any  salt  of  ammonia,  even 
in  very  small  quantities,  interferes  with  its  power  in  dissolving 
cotton. 


Mr.  Dancbb  nho  read  ^  p^p^T  "Ofl  ?$eu4os(Jqpic  Vision 
through  Prisms." 

If  we  look  with  both  eyes  at  an  olgect,  sqch  as  the  flat 
top  of  a  table  for  example,  aud  then  inte^rpose  a  pi^ism 
between  one  eye  and  the  object,  we  discoYer,  after  a  short 
time,  that  tlie  portion  of  the  surface  to  which  the  sight  is 
particularly  directed  has  apparently  changed  its  distance. 
If,  in  trying  the  experiment,  the  thin  edge  of  the  prisqi  is 
turned  inwards  to  the  nose,  the  fiat  surface  will  appear  concave, 
if,  on  the  contrary,  the  base  or  thick  edge  is  turned  tx)w^rdfi 
the  nose,  the  suriace  will  appear  convex.  The  full  effect  pf 
this  alteration  in  the  appearance  of  the  object  id  not  realized 
immediately,  some  persons  see  it  perfectly  in  a  few  seconds, 
others  require  some  moments  of  steady  gating  before  it 
becomes  evident  to  them. 

The  character  of  the  surface  to  which  the  vision  is 
directed  exercises  some  influence  in  producing  tbe  etfect. 
A  ctrculai;  table  covered  with  a  cloth  of  a  bright  patterp, 
having  a  few  articles  disposed  towards  the  edges,  exhibits 
this  fallacious  vision  in  a  marked  degree. 

The  aogle  of  the  prisms  for  shewing  these  expe^ments 
should  be  about  15  degrees,  if  less  tbain  thi|9,  the  elevation  or 
d^ression  of  sur&ce  is  not  sufficient  to  produce  a  gopd 
effisct ;  if  the  angle  is  much  greater  than  15  degrees,  many 
persons  are  unable  to  unite  thc:  refracted  image  of  the  prism 
with  the  real  image  seen  by  the  other  eye. 

Achromatic  prisms  are  much  to  be  preferred  in  these 
experiments  to  those  which  are  uncorrected  for  colour. 
Experiments  with  these  prisms  have  shewn  that  the  power 
of  converging  the  optic  axes,  differ  very  considerably  in 
individuals. 
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Ocolifts  oocasumally  recommend  prismatic  lenses  mounted 
in  spectacles  to  assist  persons  who  snflfor  from  insufficiency 
of  the  recti  intemi  muscles ;  it  would  he  interesting  to  know 
if  those  so  assisted^  have  noticed  the  fidlacious  appearances 
which  the  healthy  eye  can  appreciate.  The  pseudoscopic 
eflfects  are  exaggerated  by  using  a  prism  to  each  eye^  but  in 
most  persons  this  produces  a  paiirful  sensation. 

The  explanation  of  these  phenomena,  which  I  otkr  with 
some  hesitation,  is  based  upon  the  supposition  that  in 
binocular  vision  we  estimate  the  distance  of  an  object  by 
the  degree  of  convergence  of  the  optic  axes.  In  these 
experiments,  when  a  flat  surfiice  appears  concave  by  the 
interposition  of  the  prism:  the  optic  axes  are  made  to 
converge  on  a  point  situated  behind  the  real  surfsuse,  and  the 
imagination  gradually  removes  the  object  to  this  apparent 
distance. 

When  the  base  of  the  prism  is  towards  the  nose,  then  the 
flat  surfiu^  becomes  convex,  in  this  case  the  optig  axes  cross 
in  front  of  the  real  sur&ce,  and  the  imagination  raises  the 
object  to  that  point.  A  diagram  of  the  convergence  of  the 
optic  axes  on  an  object,  before  and  after  the  interposition  of 
the  prism,  will  show  that  when  ^e^thin  edge  of  the  prism  is 
turned  towards  the  nose^  the  effort  made  to  unite  the  real 
and  the  refracted  image  is  the  same  as  if  the  vision  was 
directed  to  a  point  more  distant  than  the  real  object  The 
opposite  to  this  takes  place  when  the  base  of  the  prism  is 
turned  towards  the  nose.  It  is  very  possible  that  the  pseudo- 
scopic vision  through  prisms  may  have  been  noticed  by  others, 
but  I  have  not  been  able  to  discover  any  description  of  such 
i^  the  FO^ks  to  ^hich  I  have  access. 
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Dr.  Angus  Smith  explained  a  mode  of  analysis  which  he 
has  called  minimetric.  The  idea^  he  said,  may  perhaps  Jiot  he 
quite  new,  hut  it  is  well  to  give  the  method  a  name.  It  is  hased 
mainly  on  the  &ct  that  we  can  retain  in  the  memory  with 
great  exactness  the  character  of  a  precipitate  of  a  given 
degree  of  translucency.  For  carbonic  acid  the  author  finds 
a  precipitate  of  carbonate  of  baryta  caused  in  baryta  by 
*2515  cub.  c.  of  carbonic  acid,  or  nearly  three  times  that 
amount  in  lime  water.  If  the  carbonic  acid  in  air  is  sought, 
the  air  is  made  to  act  on  the  baryta  until  the  precipitate  is 
obtained.  In  other  words  we  use  the  smaUest  measure  of 
air  which  will  produce  the  precipitate.  For  this  reason 
the  name  minimetric  is  adopted.  The  plan  may  be  used  for 
hydrochloric  acid,  sulphuric  and  sulphurous  acid,  sul- 
phuretted hydrogen,  &c.,  and  probably  has  been  used 
frequently  without  bringing  it  forward  as  a  method  for 
accurate  use. 

Two  modes  of  using  this  mode  of  analysis  were  described. 
The  first  was  by  the  use  of  a  finger  pump,  an  elastic  ball 
with  two  valves.  When  pressed  the  air  was  driven  out,  and 
when  expanding  the  air  was  drawn  through  the  liquid.  The 
air  and  liquid  were  then  shakin  together.  This  was  repeated 
until  the  precipitate  was  attained. 

One  easy  method  of  finding  the  precipitate  for  comparison 
was  by  shaking  half  an  ounce  avoirdupois  (14*17  cub.  c.) 
with  S3  ounces  of  air  in  Manchester,  or  nearly  SO  in  London, 
or  elsewhere,  according  to  residence. 

Experiments  made  with  this  apparatus  shew  it  to  be 
extremely  delicate.  The  carbonic  acid  in  the  air  of  a  room 
can  be  estimated  in  a  few  minutes. 

A  ti^ble  is  made  of  the  following  kind,  but  it  ^nust  b? 
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adapted  to  the  size  of  the  bulb.      A  cut  showing  the  bottle 
and  finger  pump  is  given. 


For  very  bad  air  smaller  bulbs  were  shewn,  sudi  as  were 
recommended  for  workshops,  mines,  &c. ;  a  convenient  size 
for  common  life  is  here  given : — 
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12 

00499 

00209 

13 

0-0460 

00193 

U 

0*0428 

0-0180 

16 

0-0899 

0-0167 
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In  all  cases   only  half  an  ounce  of  baryta  solution  was 
used. 

Minimehic  Home  and  Workshop  Method. 


This  method  is  partly  described  in  the  report  on  the  air 
of  mines,  and  Icmg  tables  given.  There  were  shown  two 
modes  of  using  it,  first,  with  baryta  water ;  second,  with 
lime  water. 

Suppose  we  desire  to  know  if  the  air  contains  move 
than  0*04  |)ef  cent  of  carbonic  acid,  we  fill  a  bottle  con- 
taining 5*4S2  ounces  with  air  by  pumping  as  elsewhere 
described,  with  a  little  finger  pump,  and  shake  in  it 
half  an  ounce  of  baryta  water.  If  there  is  any  precipitate 
at  aU,  the  amount  of  carbonic  acid  in  the  air  is  above  0*04 
per  cent.  This  would  indicate  that  the  air  is  less  pure  than 
outside. 

K  we  allow  0*06  p.c.  of  carbonic  acid  in  a  room,  we  take 
a  bottle  of  the  size  of  3*6+ J  ounce=4'l  ounces,  or  116*^3 
c.c,  and  if,  after  a  trial  as  before,  we  find  a  precipitate, 
however  small,  or  a  decided^  although  slight  milkiness,  the 
air  is  deteriorated  beyond  0*06.  This  relates  to  dwelling- 
houses.  If  for  workshops  \  p.c.  (0'25)  is  allowed,  a 
bottle  of  0-867+0-5  ounce=l-367  ounces  or  38*744  c.c.  is 
sufficient.     This  could  go  into  the  waistcoat  pocket. 

If  0-6  or  \  per  cent,  is  permitted)  a  bottle  of  0-433+0-5 
ounce  is  enough=:0'933  ounces  or  26*475  c.c.  This  amounts 
to  nothing  more  than  shaking  an  dUnce  bottle.  The  addition 
of  half  an  ounce  is  for  the  baryta  water. 
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B. 

The  lime  water  method  will  probably  be  adopted  more 

usually,  as  lime  is  so  common.    The  experiment  is  exactly 

the  same  as  with  baryta  water,  but  larger  bottles  are  required. 

0*06  carbonic  acid  in  the  air  gives  no  precipitate  or 

miDdness  when  |  ounce  of  lime  water  is  added  to  a  bottle 

of  ihe  air,  containing ••.••••••••••••••••••••.••10*9ounoe. 

(=:S09  cub.  cent) 
0*S5  ditto  ditto  2*997  ounces. 

(=:84*968  cub.  c.) 
0*6  ditto  ditto  1*748  ounces. 

(==49-664cub.c.) 
The  author  said  that  by  this  simple  method  ihe  greatest 
refinement  could  be  attained^ 
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Annual  Meeting,  April  25th,  1866. 
B.  Angus  Smith,  Ph.D.,  F.B.S.,  President,  in  the  Chair. 

On  the  motion  of  Mr.  Brockbank,  seconded  by  Mr. 
Carrick,  it  was  resolved  unanimously — ^''That  the  election 
of  Sectiof^al  Associates  be  continued  during  the  next 
session." 

The  following  report  of  the  Council  was  read  by  one  of  the 
Secretaries :  — 

In  presenting  their  annual  report  the  Council  have  again 
to  congratulate  the  Society  on  the  satisfactory  position  of  its 
finances.  Although  several  payments  of  a  somewhat  excep- 
tional character  have  been  made  during  the  past  year,  the 
balance  in  the  Treasurer's  hands  has  only  been  reduced  from 
£871.  8s.  Id.  on  the  81st  of  March,  1864,  to  £860.  4s.  8d. 
on  the  81st  of  March,  1865. 

The  number  of  ordinary  members  on  the  1st  of  April,  1864, 
was  193,  and  ten  new  members  have  since  been  elected* 
The  loss  by  resignations  has  been  threcy  by  defaulters /bur, 
and  by  deaths  the  unusually  large  number  of  nine.  The 
number  of  ordinary  members  on  the  roll  of  the  Society  on 
the  1st  of  April  instant  was  187. 

The  deceased  members  are, — Messrs.  John  Atkinson,  C.  F. 
Ekman,  John  Gould,  John  Hetherington,  Thomas  Hopkins 
John  Jesse,  F.R.S.,  William  Nield,  John  Shuttleworth,  and 
Robert  Walker,  M.D. 

In  the  death  of  their  late  Honorary  Librarian,  Mr.  C.  F. 
Ekman,  the  Society  have  lost  an  officer  whose  intelligence, 
zeal,  and  devotion  to  his  duties  and  to  the  interests  of  the 

PBoooDDrcMi  Lit.  &  Pna.  SooarY^VoL.  IV.— No.  15.— Sbbszon  1864-6. 
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Society,  have  rarely  been  equalled.  In  his  hands  the  Society's 
library  has  become  one  of  the  most  valuable  libraries  of 
reference  in  the  kingdom  ;  and  before  his  death  he  had  suc- 
ceeded in  establishing  a  system  of  exchange  of  publications 
with  nearly  all  the  leading  home  and  foreign  literary  and 
scientific  societies.  He  took  a  very  prominent  part  in  the 
framing  of  the  new  code  of  rules  passed  by  the  Society  on 
the  2Snd  of  January,  1861 ;  and  his  unwearied  exertions  and 
influence^  and  the  valuable  assistance  he  was  ever  ready  to 
render  to  members  or  others  engaged  in  original  researches, 
contributed  materially  to  raise  the  Society  to  its  present  high 
position. 

Mr.  John  Atkinson,  F.G.S.,  had  been  a  member  of  the 
Society  for  many  years,  and  was  a  constant  attendant  at  its 
meetings,  to  which  he  made  frequent  communications. 
During  late  years  he  supplied  the  Society  with  his  meteoro- 
logical observations  n\ade  at  Thelwall,  and  which  were 
printed  in  our  proceedings.  He  was  for  several  years  the 
active  Secretary  of  the  Manchester  Geological  Society,  to 
which  he  contributed  several  papers  published  in  its  memoirs. 

Mr.  Thomas  Hopkins  was  one  of  the  oldest  members  of  the 
Society,  having  been  elected  on  the  18th  of  A.pril,  1823.  He 
was  for  many  years  a  very  active  and  efficient  member  of  the 
Council,  and  was  for  some  time  one  of  the  Society's  Vice- 
Presidents.  He  contributed  several  valuable  papers  on 
meteorological  subjects  to  the  Society's  memoirs,  and  was 
the  authi^r  of  a  work  on  "  Atmospherical  Changes.". 

In  accordance  with  the  resolution  passed  at  a  meeting  of 
the  Society  held  on  12th  January,  1864,  the  Council  procured 
dies  for  a  medal,  and  six  copies  of  the  medal  in  bronze ;  and 
appointed  a  committee  to  consider  and  report  upon  a  scheme 
for  regulating  the  selection  of  subjects  and  services  for  which 
a  medal  should  be  awarded.  Owing,  however,  to  the  import- 
ance of  the  questions  which  have  been  brought  under  their 
uotice,  and  the  necessity  of  giving  them  careful  and  mature 
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consideration^  the  Committee  have  not  yet  been  able  to  pre- 
sent their  report,  but  hope  to  be  able  to  do  so  at  an  early 
meeting  in  the  ensuing  session. 

Since  the  last  annual  meeting  the  proceedings  of  the  Sec- 
tions have  been  marked  by  the  same  activity  and  interest 
which  have  characterised  them  from  their  establishment.  In 
connexion  with  the  Sections  the  Council  refer  with  satisfac- 
tion to  the  success  which  has  attended  the  scheme  for 
admitting  Sectional  Associates.  Twenty  gentlemen  have 
availed  themselves  of  the  advantages  which  it  offers ;  and 
by  the  communications  some  of  them  have  made,  and  the 
part  they  have  taken  in  the  discussions  of  the  various  sub- 
jects that  have  been  brought  under  notice,  they  have  added 
much  to  the  interest  and  usefulness  of  the  meetings. 

The  following  is  a  list  of  the  communications  made  to  the 
Society  at  its  ordinary  and  sectional  meetings  during  the 
past  session : 

October  4<A,  1864. — "Remarks  on  Mr.  Dyer's  Paper,  entitled 
'  Notes  on  Spinning  Machines,' ''  by  H.  Brierly,  Esq.,  communi- 
cated by  E.  W.  Binney,  Esq.,  F.R.S.,  &c. 

October  ISth,  1864.— "On  the  Relation  of  Force  to  Matter  and 
Mind.  Part  I.,*'  by  the  Rev.  Thomas  P.  Kirkman,  M.A.,  F.R.S., 
Hon.  Mem. 

October  \Zth,  1864. — "Note  on  a  New  Star  near  the  Greenwich 
Variable,  Na  1773,  of  the  Twelve-Year  Catalogue,"  by  Joseph 
Baxendell,  F.R.A.S. 

October  17th,  1864. — "On  a  Contrivance  for  regulating  the 
amoimt  of  light  transmitted  from  the  Source  of  Illumination  to 
the  Mirror  of  the  Microscope,"  by  J.  R  Dancer,  F.R.A.S. 

November  I5th,  1864. — "On  the  Composition  of  the  Atmoe* 
phere,"  by  R.  Angus  Smith,  Ph.D.,  F.R.S.,  President  of  the  Society. 

N(yvemJber  29<A,  1864.  — "On  Differential  Equations,"  by  His 
Honour  Chief  Justice  Cockle,  M.A.,  F.RA.S.,  dro.,  communicated 
by  the  Rev.  Robert  Harley,  F.RS.,  &o. 

November  29<^,  1864.— "Notes  on  Marine  Shells  found  in 
Stratified  Drift  at  Macclesfield,"  by  R  D.  Darbishire,*  RA.,  F.Q.S. 
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November  2Sth^  1864. — ^On  Specimens  of  Foraminifera  from 
Boundstone,  Connemara,''  by  Thomas  Alooek,  M.D. 

December  Sth,  1864.— ''Note  on  the  Period  and  Changes  of  the 
Greenwich  Variable  in  Vulpecula,  No.  1773  of  the  Twelve-year 
Catalogue,"  by  Josh.  BaxendeU,  F.R.A-S. 

December  Sth,  1864. — "  Observations  of  the  Greenwich  Variable 
in  Vulpecula  and  its  Companion  Stars,"  by  Geoige  BLnott,  F.B.A.S., 
communicated  by  Josh.  Bcgcendell,  F.R.A.S. 

December  ISth,  1864.— "On  the  Discovery  of  the  Bonfis  of  the 
Mammoth  (Elephas  Primigenius)  in  a  Fissure  of  the  Carboniferous 
Limestone  at  Waterhouses,  near  Leek,"  by  William  Brockbank, 
Esq. 

November  3ri,  1864. — "On  Printing  Transparencies  for  the 
Stereoscope  and  Magic  Lantern,"  by  Joseph  Sidebotham,  Esq. 

December  19*,  1864.—"  On  the  Structure  of  Cotton,"  by  W.  H. 
HeyB,Esq. 

Jantiary  10^  1865. — "  On  some  Products  derived  from  Indigo 
Blue,"  by  Dr.  E,  Schunck,  F.R.S.,  Ac. 

January  10<S4  and  2ith,  1865. — "On  some  Physiological  Eflfeots 
of  Carbonic  Acid,"  by  Dr.  R.  Angus  Smith,  F.R.S.,  President 

January  24<A,  1865. — "Observations  of  a  large  group  of  Solar 
Spots,"  by  Jas.  Naamyth,  Esq.,  C.E.,  Corresponding  Member  of 
the  Society. 

January  I2thj  1865. — "Accoimt  of  a  Fure-ball  seen  Deeember 
ISih.  1864,"  by  Thomas  Heelis,  F.KJiS. 

Jemuary  12^  1865.— "Note  on  the  Rainfall  of  1864,"  by 
G.  V.  Vernon,  F.R.AS. 

February  7th,  1865. — "On  a  New  Re-agent  lor  the  Separation 
of  Calcium  from  BiagnesiHrn,"  by  Edward  Sonstadt,  Esq. 

January  16th,  1865.— "On  the  Plumules  or  Battledore  Scales 
of  the  Lyc»nid»,"  by  John  Watson,  Esq. 

Jatmary  16th,  1865. — ^"  Notes  on  the  Development  of  the 
Wings  of  Lepidopteious  loseets,"  by  Josh.  Sidebotham,  Esq. 

February  2let,  1865.— "On  a  new  form  of  Roof  for  Dyehouies," 
by  John  Thom,  Esq. 

F^>ruary  2l9t,  1865.— "On  the  Action  of  Caustic  Soda  on 
Ethylio  and  Methylio  Alcohol,"  by  Mr.  A.  Mylius,  eommunieatad 
by  Dr.  E.  Schunck,  F.R.S. 
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J<mua»y  6th,  1865. — '<0n  the  Exhibition  Stereoscoj^oally  of 
Photographs  on  a  large  scale."  by  J.  B.  Dancer,  F.R.A.S. 

February  2nd,  1865. — "  On  the  proper  focus  of  Lens  to  be  used 
in  taking  Photographic  Landscapes;  also  on  some  modes  of 
measuring  the  size  of  objects  therein  depicted/'  bj  Joseph 
Sidebotham,  Esq. 

March  7th,  1866. — "On  the  Action  of  Sea  Water  upon  certain 
Metals  and  Alloys,"  by  F.  Grace  Calvert,  PLD.,  F.R.S.,  Ac.,  and 
R  Johnson,  F.C.S. 

March  2nd,  1865. — "The  Opaque  Microscope  not  New,"  by 
J.  R  Dancer,  F.R.A.S. 

March  2md,  1865. — "Photographic  Experience  in  India,"  by 
K  C.  Buxton,  Jun.,  Esq. 

March  2lst,  1865. — "On  an  Instrument  for  showing  rapidly 
Minute  Changes  of  Magnetic  Declination,"  by  J.  P.  Joule,  LL.D.y 
F.RS.,  Ac. 

March  21«<,  1865. — "Further  Observations  on  the  Permian 
and  Triassio  Strata  of  Lancashire,"  by  K  W.  Binney,  F.RS.,  <feo. 

February  27th,  1865.—"  Notes  on  Mosses,"  by  G.  K  Hunt,  Esq. 

March  I6th,  1865. — "Results  of  Raingauge  and  Anemometer 
Observations  made  at  St.  Martin's  Parsonage,  Castleton  Moor, 
during  the  year  1864,"  by  the  Rev.  J.  C.  Bates,  M.A.,  F.RA.S., 
and  Note  on  the  same,  by  Josh.  Baxendell,  F.RA.S. 

April  iih,  1865. — "An  Instance  of  the  Injurious  Action  of 

Alkalies  on  Cotton  Fibre,"  by  Messrs.  Heinrioh  Caro  and  William 
Dancer. 

'April  ith,  1865. — "  Remarks  on  the  Microscopicid  Appearances 
of  Cotton  Hair  during  Dissolution  in  the  Ammoniacal  Solution  of 
Copper,"  by  J.  B.  Dancer,  F.RA.S. 

April  ^th,  1865. — "On  Pseudoscopio  Vision  through  Prisms," 
by  J.  R  Dancer,  F.R.A.S. 

April  ith,  1865.—"  On  the  Mmimetric  Method  of  Analysis,"  by 
Dr.  R  Angus  Smith,  F.RS.,  ^,  President  of  the  Society. 

The  printing  of  volume  second  of  series  third  of  the 
Society's  Memoirs^  comprimng  the  papers  read  before  the 
Society  during  the  Sessions  1861-2^  186^-3^  1863-4^  has-been 
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completed,  and  bound  copies  are  now  ready  for  distribution 
at  5s.  to  members  of  the  Society  and  10s.  to  the  public. 

A  new  volume  has  already  been  commenced^  containing 
papers  read  during  the  past  session ;  and  arrangements  have 
been  made  by  which  paj)ers  intended  for  the  Memoirs  will  be 
printed  immediately  after  they  have  been  passed  by  the 
Council. 

The  Librarian  reports  that  when  he  took  office  he  did  it 
with  the  idea  of  preparing  a  Catalogue  which  had  for  some 
years  been  much  required.  On  ftirther  examination  he  found 
it  necessary  both  to  rearrange  the  books,  and  to 'prepare  a 
Stock-book;  some  delay  was  thus  entailed.  He  is  now, 
however,  glad  to  infonn  the  members  that  an  alphabetical 
catalogue  is  in  process  of  printing. 

On  the  motion  of  Professor  Clifton,  seconded  by  Mr. 
Darbishire,  the  Annual  Report  was  unanimously  adopted. 

The  following  gentlemen  were  elected  officers  of  the 
Society  for  the  ensuing  year : — 

^Prtaitrtnt. 
R.  ANGUS  SMITH,  Ph.D.,  P.R.S.,  &o. 

JAMES  PRESCOTT  JOULE,  LL.D.,  F.R.S.,  &o. 
EDWARD  WILLIAM  BINNEY,  F.R.S.,  RG-S. 
JOSEPH  CHESBOROU0H  DYER. 
EDWARD  SCHUNOK,  Ph.D.,  F.R.S.,  F.O.S. 

S^ectttarCes. 
HENRY  ENFIELD  ROSCOB,  B.A.,  Ph.D.,  P.R.S.,  F.C.S. 
JOSEPH  BAXENDELL,  F.R.A.S. 

^rtosttrer. 
ROBERT  WORTHINGTON,  P.R.A.S. 

ICibrarian. 
THOMAS  WINDSOR,  M.R.C.S. 

^^tt  i^mbcrs  of  ti^c  CDommCttct. 

REV.  WILLIAM  GASKELL,  M.A. 

PETER  SPENCE.  F.S.A.,  F.C.S. 

GEORGE  VENABLES  VERNON,  F.R.A.S.,  M.B.M.S. 

ROBERT  BELLAMY  CLIFTON,  M.A.,  F.R.A.S. 

JOSEPH  SIDEBOTHAM. 

HBNBY  MERE  OBMBROD. 
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Dr.  Joule  communicated  the  following  extracts  of  letters 
referring  to  the  auroral  arch  of  the  20th  of  March  last : — 

2%6  Astronomer  Royal  to  Alexander  S.  Herschd^  Beq.^ 
Royal  Observatory,  Greenwich, 

1865,  March  31. 

^'I  have  referred  to  our  Magnetic  Photograms  on  the  20th 
inst.  The  magnets  were  considerably  disturbed  for  many 
hours  before  and  after  the  appearance  of  the  arch ;  but  the 
great  disturbances  of  declination  and  hor.  force  were  from  7h. 
to  8h.  46m.,  and  those  of  vert,  force  nearly  45m.  later.  Of 
these  you  shall  have  copies  when  the  time-scales  are  properly 
attached.  There  is  scarcely  a  more  important  inquiry  at  the 
present  time  than  that  of  the  coniiexion  between  the  indi- 
vidudl  phases  of  auroras,  and  the  corresponding  individual 
phases  of  magnetic  disturbance.  The  first  requisite  is  accu- 
rate clock  time.  By  all  means  establish  a  reference  to  my 
Time  Signals. 

I  have  seen  many  auroras,  probably  more  than  20,  fewer 
than  50.  I  am  quite  familiar  witii  the  ordinary  appeanmces : 
low  arch,  grey  or  red  streamers  rising  to  or  beyond  the 
magnetic  zenith,  great  red  clouds,  light  flashing  over  limited 
spaces  (the  successive  portions  of  space  taking  the  light  in 
successive  portions  of  time)  and  others ;  but  I  think  I  have 
seen  the  lofty  well  defined  pale  arch  only  twice.  In  sotne 
accounts  of  arches  which  I  have  read,  two  or  three  arches 
have  followed  in  succession,  all  based  in  the  magnetic  E  and 
W,  and  rising  like  a  skipping-rope.  As  they  approach 
very  near  the  magnetic  zenith,  they  exhibit  a  radiated 
structure  $f^^^  And,  finally,  it  appears  that  an  arch  really 
is  a  very  long  slender  parallelepiped,  its  length  in  magnetic 
E  and  W  consisting  of  beams  in  the  direction  of  magnetic  dip. 
If  you  have  not  been  possessed  of  this  idea  before,  the 
possession  of  it  may  sharpen  you  in  future  observations  or 
future  inquiries." 
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Alexander  S.  Hersckel,  E$g.,  to  It.  P.  Chregy  Esq. 
CoUihgwood,  HawkhuTst,  Kent, 

1865,  April  11. 

**  I  was  much  obliged  by  the  receipt  of  an  observation  erf 
the  auroral  arch  of  March  20  (from  the  Liverpool  Mercury)^ 
as  seen  at  Windermere.  Compared  with  another  letter  from 
the  same  writer  (Mr.  Hall)  in  the  Standard^  it  gate  a  good 
place  by  the  stars.  In  the  '  Proceedings  of  the  Manchester 
Literary  and  Philosophical  Society'  is  another  description  by 
Mr.  Baxendell.  The  arch  was  well  observed  here,  almost 
stationary,  varying  its  altitude  from  18""  to  Z(f,  and  at  last  to 
22^  or  23''  in  the  course  of  half  an  hour.  The  first  observa- 
tions correspond  with  those  of  Windermere,  at  the  time  when 
the  arch  was  nearly  vertical  ovfer  Winderitafei'e ;  and  the  la6t 
vrith  those  at  Manchester  when  the  arch,  as  seen  by  Mt« 
Baxendell,  was  nearly  overhead  at  Manchester.  Both  give 
the  height  of  the  arch  102  miles  above  the  earth,  and  I 
doubt  if  a  better  double  observation  df  ah  arch  of  the  aurora 
of  the  'skipping-rope*  fcwrm  has  ever  been  obtained.  The 
result  can  hardly  be  more  than  five  milesi,  certainly  not  so 
much  as  ten  mites  in  error  either  way.  Mr.  Airy  says  that 
among  twenty  to  fifty  auroras  that  he  has  witnetoed  he  has 
only  twice  seen  the  auroral  arch,  *  i^^ing  Kke  a  ski^i^-i^o^je.' 
Perhaps  you  would  have  the  goodness  to  communicate  Mr. 
Airy's  letter  to  Dr.  Joule,  as  it  will  interest  him  in  his 
observations  6f  the  magnetic  variations ;  and  at  the  same  time 
to  Mr.  Baxendell.*' 


The  Rev.  T.  P.  Kirkman,  f'.R.S.,  made  the  follovnng 
communication :  — •' 

As  the  printing  of  my  completion  of  the  Theory  of  Groups  is 
delayed  longer  than  I  expected,  1  desire  to  insert  the  following 
table  of  corrections  to  be  made  in  the  Hst  of  UUe9  at  page  142  of 
the  Proceedings  of  this  Society,  July,  1863, 
b 
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Corrigenda,  p.  142,  <fec. 
In  the  group  of  order  6-4-2,  for  ISg,  read  ^21+  6^^  ; 
in  that  of  the  order  5*2,  erase  10^^; 
in  the  second  title,  page  144,  for  428p  read  4^2«^ 
in  the  eighth  title  of  that  page  ,  for  12^2*  "•"  ®8  '^  ^42'  "*"  ^^8^ 
in  the  ninth  title,  p.  142,  for  424  read  42jj2; 
in  the  title  8-6-4  2,  for  522,^  +  24^2^  ^^  ^^2n^  "*"  ^^42"  "^  ^^41** 

Addbkda. 
4  =  1  +  82^  Q  =  l. 

6-2  =  1  +  32,^  +  83^  Q  =  16. 

6-4  =  1  +  6^  J,  +  32,p  +  83,  +  62„  Q  =  16. 

8-4  =  1+  62,14  + 1324  + 12^,,  Q  =  210. 

8-4  =  1  +  62,14  +  ^4«  +  ^24  -^  1642«'  •          Q "  ^^^• 

8-4  =  1  +  62,14  +  %  +  524  +  16g,  Q  =  315. 

8-4=1  +  8^a  +  624  +  22114  +  82,1,  +  8g,  Q  =  630. 

8-8=1  + 102,14  +  842P  •*•  ^4»  +  ^2*  "*•  ^^8  ■*"  ^^42*'  ^  ~  ^^^• 

8-8  =  1  +  4^14  +  82,11  •*■  hn*  "*•  V  ■*■  ^^4»  ■*■  ^^42*  Q  =  315. 
8-6-4  =  1  +  62,14  + 12^,  + 1324  +  323,1,  ■*■  ^h2  "*"  ^^2>P  •*" 

124^4 +  48g  +  1242»  Q  =  105. 

The  omission  of  the  above-given  groups  of  6*2  and  6*4  in  mj  first 
processes  was  the  main  cause  of  the  above  errors  and  defecta 
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MIC«OS<X)PICAL  SECTION. 

March  20tk,  1865. 

J.  SiDBBOTUAM,  Esq.,  President  of  the  Section^  in  the 
Chair. 

Mr.  Dancer  read  a  Paper^  ^^  On  the  Microscopical 
Appearances  of  Cotton  Hair  during  dissolution  in  the 
Ammoniacal  Solution  of  Copper." 

Mr.  Hbys^  in  proposing  a  vote  of  thanks,  said  that  he 
was  gratified  to  find  that  the  important  subject  of  the 
structure  of  cotton,  in  which  he  had  himself  for  some  time 
felt  an  interest,  was  now  being  taken  up  in  a  manner  likely 
to  clear  away  all  doubts. 

Mr.  Hkts  said,  he  had  been  asked  by  Mr.  Dale  to 
introduce  to  the  notice  of  members  a  preparation  of  Canada 
Balsam  for  mounting,  which  has  the  property  of  hardening 
in  a  very  short  time.  It  consisted  of  Balsam  first  made 
perfectly  solid  by  evaporation,  and  then  dissolved  in  Bisul- 
phide of  Carbon.  He  found  the  smell  a  strong  objection  to 
its  use,  but  the  results  were  very  satisfactory,  the  balsam  on 
a  slide  becoming  perfectly  hard  in  a  few  hours.  He  thought 
however  the  dry  balsam  might  prove  to  be  the  more  important 
element  in  the  preparation,  and  that  its  solution  in  Chlo- 
roform would  probably  be  found  to  answer  all  practical  pur- 
poses. 

Mr.  Dancer    exhibited  many  beautiful  photographs  of 
microscopic  objects  by  Dr.  Maddox. 
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March  27th,  1865. 
John  Parrt,  Esq.,  in  the  Chair. 

Exkibitions. 

Sections  of  yariouB  Shdls. — M^.  Parry. 

An  apparatus  for  applying  pressure  to  the  cover-glasses  of 
objects  freshly  mounted  in  Canada  Balsam.  It  consisted  of 
a  dozen  small  upright  pistons  placed  in  a  frame,^  and  each 
furnished  with  a  spiral  spring  coiled  around  the  rod  and 
pressing  against  the  upper  horizontal  bar  of  the  frame. 

Communicatums. 

Dr.  Aloock  exhibited  a  second  time  his  specimens  of 
shells  of  Marine  Entomostraca,  from  the  coast  of  Galway. 
H-e  said  that  renewed  examination  of  them  and  the  collection 
of  many  more  specimens  had  strengthened  his  belief  that> 
however  numerous  their  forms,  they  are  entitled  to  be  con- 
sidered as  so  many  distinct  species,  and  he  did  not  think  thait 
the  general  arguments  U9ed  by  Prof.  Williamson' in  support 
of  an  opposite  opinion  at  the  meeting  of  February  ^th,  had 
any  appUoation  to  their  particular  case.    In  the  first  place  it 
was  stated  that  the  outer  skin  or  shells  of  these  creatures  is 
of  less  value  for  distinction  than  the  internal  parts ;  but  Dr. 
Baird  had  described  nine  out  of  his  fifteen  species  from  living 
specimens,  koA  yet  in  these  his  specific  distinctions  are 
mainly  derived  from  the  shells.    Again,  we  were  reminded 
that  some  of  the  Bntomostcaca  aie  known  to  undergo  meta- 
morphoses, and  that  this  might  probably  be  the  case  with  the 
genera  Cythere  and  Cythereis ;  but  Cypris,  which  approaches 
very  nearly  in  character  to  Cythere,  does  not  undergo  these 
changes,  and  might  furnish  some  ground  for  the  supposition 
that  these  Marine  Entomostraca  also  do  not ;   but  it  would 
be  sufficient  for  the  present  purpose  to  state  that  there  is  no 


175 

8uppo7:t  ibr  the  auppositioi^  that  tl^y  do,  on  the  geoeral 
gi»und  that  some  kinds  of  Eotomoatrsu^  are  knowa  t9 
uode^gQ  these  cbaoges^  because  it  is  also  well  known  thoib 
other  kinds  do  not. 

9ttt  a  j^rther  objection  was  that  low  {onna  o£  animal  life 
a)re  liable  to  extreme  variability,  and  that  the  same  remaxk 
is  applicable  to  the  lower  groups  in  the  higher  divisions  of 
animals,    the    argument    being    that    in    these    cases   the 
variability  may  be  so  great  as  to  render  specific  distinctions 
of  little  or  no  value.     He  felt  compelled  to  state  that  he 
did  not  admit  this  excessive  variability  as  a  certain  fact,  even 
in  th^  lowest  forms  of  animal  life,  until  it  could  be  actually 
proved  to  be  true  by  most  careful  observation,  and  even  then 
he  would  apply  it  no  further  than  to  the  particular  cases  in 
which  it  had  been  proved ;  but  as  to  making  it  a  general  rule 
with  the  lowest  groups  of  the  higher  divisions  of  animals,  Im 
saw  not  the  slightest  reason  for  doing  so,  and  here,  mote  than 
in  the  former  case,  the  diversity  of  character  in  the  di&rent 
groups  would  render  it  extremely  unlikely  that  what  might 
apply  to  one  would  also  be  foimd  to  apply  to  another.     Even 
among  low  forms  of  animal  life  such  as  the  Foraminifera,  he 
had  searched  in  vain  for  examples  of  that  extreme  variability 
which  must  necessarily  confound  specific  distinctions,  and  he 
was  sure  that  every  young  working  naturalist,  at  all  events, 
would  agree  with  him  that  a  conclusion  so  discouraging  to 
exact  observations  as  that  suggested  by  Prof.  Williamson, 
ought  to  be  accepted  by  no  one  unless  he  became  convinced 
of  its  truth  by  his  own  painful  experience.     With  regard  to 
the  Foraminifera  he  had  no  hesitation  in  saying^that^  with 
only    a    few   exceptions,    the   extraordinary    uniformity  of 
character  in  individuals  of  the  same  type  was  a  fact  that 
must  strike  every  observer.     In  the  cases  of  Miliolina  aa^ 
Polymorphina  he   would  admit   there  is  difficulty,  but  an 
examination  of  many  of  their  numerous  forms  did  not  suggest 
to  his  mind  that  a  great  tendency  to  variation,  in  thq  ordinary 
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sense  of  the  term,  would  explain  their  diversit}.  Knowing, 
however,  from  his  own  observations  what  is  meant  by  the 
statement  that  the  Foraminifera  are  liable  to  great  variation, 
he  was  prepared  to  say  that  the  shells  of  the  Marine  Entomo- 
straca  do  not  at  all  show  this  liability ;  the  forms  are  clearly 
defined,  and  distinct  from  one  another,  and  intermediate 
forms  blending  the  characters  of  two  others  rarely  if  ever 
occur. 

Then  as  to  the  last  objection  which  was  brought  forward, 
namely  the  difficulty  of  defining  what  a  species  is,  he  believed 
that  practically  it  might  be  put  aside  altogether;  for  the 
fact  was  that  any  creature  whatever  which  could  be  shown  to 
be  clearly  distinct  from  all  others  that  had  been  described 
must  be  admitted  as  a  species,  and  must  remain  a  species 
until  it  could  be  proved  to  be  unworthy  of  this  distinction. 
In  conclusion  he  would  say  that  he  had  no  strong  opinion  as 
to  whether  this  question  of  what  a  species  is  could  or  could 
not  be  answered,  but  he  felt  sure  that  to  take  Prof.  William- 
son's suggestion,  and  merge  some  ten  or  twenty  of  these 
forms  of  Marine  Entomostraca  into  one  species  would  be  to 
make  it  impossible  to  form  even  a  conjecture  of  what  is 
meant  by  that  term. 

A  Paper  was  read  **  On  the  Cheetopod  Annelides  of  the 
Southport  Sands,*'  by  Bbnj.  Carrington,  M.D. 

Amphinomadje. 

Aphrodite  actdeataj  L.  Found  sparingly  near  low-water 
mark ;  more  frequent  after  storms. 

Phohe  inomatay  Johns.     Very  rare. 

Polynoa  squamata^  Sav.  Found  occasfonally  within  old 
shells;  frequent  among  oysters,  and  the  refuse  from  the 
fishing  boats. 

There  are  two  well-marked  varieties : 

a.  with  a  dark-brown  crescentic  mark  on  each  of  the 
elytra. 
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j3.  ochracea,  uniform  pale  orange  or  stone  colour, 

Polynoa  ctrrata,  Johns.     Very  rare. 

P.  asterincBf  sp.  no  v.  Linear-oblong,  scales  twenty  pairs 
or  more,  smooth,  with  a  black  entire  border,  seated  on  each 
third  ring ;  intermediate  feet  cirriferous,  bearing  at  the  base 
a  ciliated  crest.  Upper  antennsB  three,  the  central  one 
longest.* 

Not  uncommon,  occupying  the  groove  between  the  suckers, 
of  Asterias  auraniiaca.  I  was  first  led  to  suspect  the  presence 
of  some  foreign  species,  by  observing  a  blue  phosphorescent 
light,  given  off  from  defined  points  of  the  rays,  when  the  star- 
fish was  placed  in  fresh  water.  It  seems  a  very  sluggish 
worm,  and  how  it  contrives  to  escape  the  surrounding  suckers, 
and  whether  it  shares  the  food  captured  by  the  star-fish,  are 
points  yet  to  be  determined.     . 

Body  one  to  two  inches  long,  by  a  line  in  breadth, 
posterior  segments  narrowed,  ending  in  two  filiform  styles. 
Peach-blossom,  or  flesh  colouretl ;  very  fragile,  so  that  it  is 
almost  impossible  to  obtain  an  entire  specimen.  Scales  white, 
chartaceous,  with  a  narrow  black  border;  first  six  pairs 
placed  on  alternate  feet,  the  remainder  on  each  third  foot, 
not  broader  than  the  body,  so  that  the  feet  are  exposed, 
easily  detached.  In  a  line  with  the  pedicels  of  the  scales,  on 
the  intermediate  rings,  we  find  on  each  side  a  crest-shaped 
process,  ending  towards  the  mesian  line  in  a  short  papilla. 
These  are  ciliated,  as  are  the  upper  margins  of  the  feet,  so 

*  In  describing  a  species,  I  hare  thought  it  best  to  follow  the  nomencla- 
ture now  in  use,  although  I  agree  with  Professor  Hnxlej  that  a  change  ia 
desirable.  He  proposes,  after  Milne  Edwards,  that  the  rings  shall  be  called 
somites^  the  head  prest^miumj  central  antenna  prestomial  tentacle,  upper  and 
lower  lateral  antenn®  superior  and  inferior  prestomial  cirri,  foot  tubercle 
parapodium,  its  upper  and  lower  rami  notopodium  and  newropodium,  &o. 

I  think  it  right  also  to  state,  that  as  mj  acquaintance  with  Marine 
Zoology  is  Tery  recent,  and  I  hare  been  unable  to  consult  several  foreign 
works  on  the  subject,  I  introduce  the  following  species  with  great  diffidence. 
To  the  best  of  my  belief  they  are  new  to  the  British  fauna,  nor  hare  I  been 
able  to  identify  them  with  species  described  by  Aud,  and  Edwards,  Oersted, 
Qruh0,  JBhUrs,  Ao. 
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that  horizontal  currents  are  produced,  as  well  as  a  central 
one  from  before  backward.  The  dorsal  papillse  seem  to 
perform  the  functions  of  branehiss.  They  also  cdntain  ova, 
which  tte  ciliary  currents  serve  to  distribute. 

Feet  simple,  with  seven  to  ten  strong  spear-shaped  golden 
setae,  apex  toothed  on  one  side.  Near  tlie  dorstun  of  the  foot  is 
a  small  fascicle,  containing  four  to  six  short  curved  toothed 
bristles. 

Head  concealed,  roundishv  emarginate.  Upper  antennas 
three,  the  lateral  ones  very  short,  two  jointed,  central  ono 
aoeh  longer,  equal  to  the  two  lower  tntennse.  Eyes  four, 
dxstaait.    Tentacular  cirti  two  pvirs. 

Beaidily  distinguished  by  the  long,  flesh-eoloiired  bedy, 
and  marginate,  smooth  scales.  In  somie  young  speeiment, 
the  black  border  is  absent  or  ill-defined. 

P.  maetilosa,  sp.  nov.  Scales  kidney-shaped,  sitaooth, 
entire,  membranous,  having  a  dark  curved  spot  nmnd  the 
centre,  seated  on  alternate  feet,  intermediate  fieei  bearing 
cirri ;  superior  antennae  three  equal ;  ventral  8uriiEM»  of  pos- 
terior rings,  marked  with  four  blade  dots. 

Terry  rare;  only  one  specimen  found  in  company  with 
P.  (uierincB. 

The  specimen  before  me,  which  unfortunately  has  lost  the 
anal  segment,  is  obkng-obtuse,  slightly  narrowed  from  the 
middle,  breadth  two  lines,  by  J  inch  long.  Scales  twelve 
pairs,  covering  the  head  and  feet,  firmly  attached,  hyaline, 
especially  near  the  border,  which  is  slightly  undulated, 
crossed  from  the  inner  margin  by  a  retort-shaped  black  mark. 
Peet  obtuse,  obscurely  biramous;  upper  branch  much 
shorter,  the  setae  short,  falcate,  and  serrate;  lower  branch 
bearing  a  tuft  of  twenty  to  thirty  slender,  half  spear-shaped, 
oblique,  pale  setae,  toothed  on  one  side,  and  ending  in  one  or 
two  larger  teeth ;  shaft  long,  smooth,  terete. 

Head  concealed,  round,  notched  in  front ;  eyes  four,  placed 
on  the  occipital  portion ;   upper  antennae  three  equal,  two 
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jointed,  the  central  one  stout  apiculate ;  two  lower  antennsB 
much  longer,  and  exceeding  the  tentacular  cirri.  When 
viewed  from  the  ventral  surface,  the  basal  portion  of  the 
antennse  is  nearly  black,  the  three  central  ones  converging 
like  the  rays  of  a  tripod,  of  which  the  dark-coloured  oblong 
oral  opening  forms  the  handle.  Posterior  segments  after  the 
fifteenth  marked  with  four  rows  of  stellate  spots. 

Distiaguislied  from  P.  aeterincB  by  the  larger  thin  jtcans- 
iuceat  scales,  which  are  firmly  attached  and  not  bondered, 
by  the  more  numerous  and  slender  setse,  the  equal  upper 
antennae,  and  the  absence  of  the  ciliated  processes  on  the 
dorsal  surface. 

There  is  no  other  British  species  with  smooth  seales  with 
which  it  is  likely  to  be  confounded.  From  P.  spinifera^ 
Ehlers,  (which  seems  to  me  identical  with  Johnston's  P. 
8C(ibra,)  -and  irom  P.  peducida,  Ehlers  (Aamolid.  Chaetosp., 
i,  iii.  f.  1 — 13),  it  may  be  kuowu  by  the  scabrous  cirri  and 
antennae  of  those  s}>ecies.  P.  maculata^  Grube,  seems  to  rbe 
a  form  of  P.  cirrata,  having  the  scales  garnisLhed  witli  a  few 
large  papillae. 

Sigaiion  Carringtoniiy  nov.  sp.  Body  vermiform,  obtuse 
at  both  ends  Scales  very  nnmerous,  attached  tp  each  ring, 
pellucid,  outer  border  fringed  with  pectinate  glands;  ieet 
exposed,  bifid,  densely  setiguous.  Attached  to  the  fuadicel 
at  the  base  of  each  foot  is  a  curved  ciliated  cirrus. 

Met  with  occasionally^  near  low  water  mark,  on  the  fiirk- 
dale  shore,  buried  in  the  moist  sand,  where  it  lies  coiled  in  a 
spiral  manner.  First  discovered  in  July,  1864,  when  ex- 
ploring the  sands  with  my  friend  Mr.  C.  H.  Brownj  who 
named  it  as  above. 

Body  linear,  obtuse  in  front,  tapering  very  gradually  to- 
wards the  anal  segment,  which  terminates  abruptly  in  two  long 
styles.  Length  two  to  three  inches  by  two  lines  in  breadth. 
Colour  greyish-white,  opalescent,  reflecting  prismatic  tints. 
Feet  very  numerous,  slender  at  the  base,  biramous,  upper 
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branch  gibbous  at  the  apex,  from  which  depends  a  short 
cirrus,  furnished  with  a  dense  tuft  of  long  silky  setae,  fine  as 
spun  glass,  which  arch  backward  towards  the  scales, -and  a 
lower  tuft  of  jointed  ones  ;  inferior  ramus,  bearing  two  kinds 
of  setae,  the  lower  very  long  and  flexible,  and  the  intermediate 
ones  jointed,  the  blade  filiform,  rough,  articulate  like  the 
hair  of  a  mole. 

Scales  smooth,  hyaline,  persistent,  convex,  closely  imbri- 
cated, not  covering  the  feet,  fringed  at  the  outer  margin  with 
a  few  pectinate-pinnate  processes.  Some  of  the  anterior 
scales  are  seated  on  alternate  feet,  but  the  majority  arise  from 
a  large  ovate  tubercle,  which  is  found  at  the  base  of  each  foot. 
These  tubercles  are  filled  with  ova,  and  appear  like  a  white 
opaque  spot  through  the  scales,  and  from  their  outer  border  a 
stout  curved  cirrus  originates,  clothed  with  vibratile  cilia  on 
the  lower  side,  and  extending  a  little  beyond  the  scales. 

Head  small,  concealed,  hemispherical ;  eyes  four,  minute, 
the  pairs  approximate.  Upper  antennae  minute,  two  on 
each  side,  placed  at  the  angles  of  a  broad  basal  portion,  which, 
like  the  feet,  bears  a  tuft  of  silky  setae ;  lower  antennae  much 
longer.  Thfe  anterior  feet  exceed  the  head  in  length,  and 
project  beneath  it  almost  to  the  median  line,  so  that  it  is 
difficult  to  make  out  the  exact  details. 

Proboscis  as  broad  as  long,  compressed ;  the  lips  clothed 
with  a  row  of  simple  fimbriae ;'  jaws  four,  alternate,  pointed. 

The  worm  is  sluggish  in  confinement,  generally  remaining 
coiled  spirally  like  a  serpent.  Under  the  lens  it  is  a  beautiful 
object,  the  long  silky  setae  spreading  like  the  feathers  of  a 
bird  of  paradise — the  daintily  fringed,  translucent  scales, 
through  which  the  ciliated  tentacles  are  seen  in  constant 
motion — and  the  play  of  prismatic  colours  on  the  surface — 
are  sure  to  excite  wonder  and  admiration. 

Nereidje. 
PhyUodoce  lamelligeraj  Johns.     Rare ;  at  low  water  mark 
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buried  beneath  the  sand.   It  is  a  beautiful  species^  swimming 
freely  in  sea-water. 

P.  Vittata.EhleTSy  Annelid.  Ca^^^oporf.,  1864, t.vi.f. 7—14. 
New  to  Britain.  Two  specimens  appeared  in  water  contain- 
ing a  mass  of  SabeUaria  alveolata  from  New  Brighton,  May, 
1864  fC,  H.  BrotonJ,  and  I  have  since  met  with  one  or  two 
others  at  Southport. 

Distinguished  from  P.  lameUigera  by  its  smaller  size, 
never  more  than  a  line  in  breadth  by  two  to  three  inches 
long,  filiform,  very  active,  generally  assuming  serpentine  or 
spiral  curves ;  pale  olive,  convex  above,  each  ring  crossed  by 
a  narrow,  stippled y  steel-grey  bandy  about  a  third  of  its  breadth. 
Head  short,  broadly  ovate,  obtuse ;  antennse  four  apical, 
spindle-shaped;  tentacular  cirri  four  pairs,  the  two  lowest 
very  long  (equal  to  five  or  six  rings).  Eyes  large,  black, 
crossed  behind  by  the  narrow  first  segment.  Branchial  leaf- 
lets ovate,  reticulate,  parallel  with  the  body ;  lower  branchias 
short  obtuse,  attached  to  the  base  of  the  feet.  Anal  segment 
bearing  two  leaf-like  processes,  resembling  the  branchiee. 

This  active  little  worm  resembles  one  figured  by  Sir  G. 
Dalyell,  but  wants  the  central  antenna. 

P.  attemmta,  sp.  nov.  ?  Body  very  slender,  from  half  a  line 
to  a  line  broad,  four  to  six  inches  long ;  anterior  rings  as 
broad  as  long ;  branchial  leaflet  broadly  ovate,  seated  on  a 
pedicle  as  long  as  the  feet,  olive-brown  veined ;  lower  leaflet 
ovate  acute ;  middle  and  posterior  rings  attenuated,  ttaice  as 
long  as  broad;  branchice  as  wide  as  the  segments  over  which 
they  arch;  feet  small  simple;  bristles cultrate,  curved,  jointed, 
finely  toothed  at  the  base  of  the  blade. 

In  the  shape  and  relative  size  of  the  feet  and  branchial 
leaflets  it  agrees  with  P.  lameUigera.  but  the  disproportionally 
slender  body,  and  oblong  segments,  distinguish  it  at  a  glance 
from  any  form  of  that  species  with  which  I  am  acquainted. 

A  solitary  specimen  and  a  portion  of  another  are  all  that 
remain  of  this  curious  worm.     Unfortunately,  both  head  and 
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mamk  s^meat  h^ve  bees  remdered  indistiDguishable  by  the 
action  of  tbe  spirit. 

P.  CSavdy  sp.  nov.  Worm  minute,  one  to  two  inches  long 
by  Ain.  to  iVin.  broad;  rings  narrow,  depressed,  pale 
dvab  or  greenish;  feet  simple,  bearing  on  the  upper  side 
OTSte  tumid  branchise,  lying  parallel  to  the  body;  near 
the  base  on  the  ventral  side  of  the  feet  short  obtuse  lower 
branchial  papillse  are  attached.  Rings  gradually  tapering, 
and  endmg  in  an  obtuse  anal  segment,  which  bears  two 
ekiTate  solid  styles,  larger  than  the  branchise.  Head  broad 
at  the  base,  terminating  in  a  thin  ornithorhynchus-like  snout, 
apex  obtuse;  antennse  four,  short,  divergent.  First  and 
second  rings  half  as  broad  as  the  rest,  giving  attachment  to 
four  pairs  of  short  tentacular  cirri.  I  am  doubtful  about  the 
the  identity  of  this  Annelid,  as  I  have  seen  no  figure  of 
P.  daviffera,  Aud,  and  Ed. 

Kare,  occupying  vertical  burrows  in  the  sand,  about  half 
tide  mark. 

Oaniada  Alcockiana,  sp.  nov.  Body  tapering  at  both  ends, 
anterior  third  terete  terminating  in  a  conical  horn-like  snout, 
posterior  segments  depressed,  broader,  channelled  above, 
ending  in  two  loi^  jointed  styles.  Eyes,  and  tentacular 
cirri  0.  Proboscis  very  long,  clavate  curved,  on  each  side  of 
the  base  are  eight  A-shaped  dentacles,  mouth  armed  with 
seven  jaws. 

Body  filiform,  1^  inch  long  by  a  line  wide,  colour  reddish 
brown;  hetevomorphous,  anterior  rings  to  the  45th,  very 
convex,  narrow ;  fleet  minute  papillseform.  Lower  two-thirds 
of  the  worm  depressed,  rather  broader ;  feet  longer,  oblique, 
firom  a  dilated  base,  composed  of  four  acute  segments,  the  two 
outer  shorter  and  divergent  (branchial) ;  each  foot  bears  two 
teeieuU  of  bristles,  the  upper  short  curved,  arising  from  the 
basal  portion ;  lower  composed  of  long,  white,  falcate  jointed 
iMrifttleB*  Apex  of  the  conical  snout  bearing  four  minute 
antcniMB,  when  the  proboscis  is  exerted  it  stands  up  like  a 


188 

small  horn.  Proboscis  nearly  as  long  as  tk«  terete  portion  of 
the  body,  curved,  fluted  above,  armed  with  setfen  minute 
black  jaws,  five  in  the  upper  and  two  in  the  lower  half; 
middle  jaws  larger  tridentate.  At  each  side  of  the  basal 
portion  there  is  also  a  row  of  minute  inversely  V-shaped 
black  dentacles,  eight  in  number. 

Very  rare,  only  one  specimen  collected.  I  have  great 
pleasure  in  associating  the  name  of  Dr.  Alcock,  who  has  done 
so  much  for  the  spread  of  natural  science  in  Manchester, 
with  this  curious  spedes.  7 

O.  maculatUy  Johns ;  the  only  other  British  specieA  is 
distinguished  by  its  greater  length,  4  to  6  inches,  or,  accord- 
ing to  Oersted,  18  to  20  inches ;  whilst  its  extreme  breadth 
is  only  a  line  and  a  half!  This  species,  according  to 
Johnson,  is  destitute  of  jaws,  and  Dr.  Baird  informs  me  from. 
Oersted's  figure  there  appear  to  be  no  anal  cirrL  It  is 
distinguished  also  by  having  three  brown  maculse  on  eaeh 
segment.  In  O.  Norvegtca,  Oers.,  there  are  eighteen  den- 
tacles on  each  side  of  the  proboscis. 

Olycera  albaj  Lam. 

A  single  specimen  only  obtained  among  tufts  of  Anten- 
naria  antennina. 

PoUicita  peripatus,  Johns. 

Several  specimens  found  at  the  base  oiAleffonium  digiiaium 
brought  from  deep  water  after  storms* 

Scyllis  proliferay  Mull. 

Probably  abundant  in  wet  places,  covered  with  a  stratum 
of  mud,  but  from  its  minute  size  easily  overlooked. 

Nereis  peloffica,  L. 

N,  viridiSy  L.  (JV.  cerulia,  Penn.)  Both  these  speciea 
are  abundant  in  wet  hollows,  about  half-tide  mark,  occupying 
a  deep  burrow  in  the  sand.  They  vary  much  in  colour,  from 
a  deep  velvetty  green  to  orange.  There  is  another  form,, 
with  longer  feet,  bright  orange  or  flesh-coloured,  shaded  with 
olive,  which  is  frequent  near  high-water  mark,  where  the 
tide  is  absent  for  months  together,  which  may  be  distinct. 
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iST.  bremmana,  Johns. 

N.  margaritacea,  Leach. 

N,  DumariUiiy  Aud.  and  Edw. 

These  species  are  found  occasionally  among  oysters 
dredged  from  deep  water,  or  the  refuse  from  fishing  boats. 

Nereis  bilineatay  Johns. 

Not  uncommon.  AJways  found  occupying  the  terminal 
coils  of  old  whelk  shells,  and  generally  those  which  have 
been  taken  possession  of  by  Pagurus  Bamhardits, 

It  is  one^f  the  handsomest  of  the  Nereids. 

Nepthys  margarttaceay  Sars. 

N.  Hombergti,  Sav.  Common  in  wet  places,  buried 
among  the  sand.  Some  specimens  are  six  to  eight  inches 
long,  and  as  thick  as  the  little  finger.  Besides  the  above 
species  there  are  several  small  ones,  which  I  have  not 
yet  examined  minutely,  but  which  are  probably  new  to 
Britain. 

Arici^. 

Nerine  vulgaris,  Johns. 

I  am  doubtful  whether  my  specimens  belong  to  this  species. 

N.  coniocephalay  Johns. 

Common  in  damp  hollows  about  mid-tide,  along  with 
Arenicola.  It  occupies  a  friable  tube,  descending  a  foot  or 
more  below  the  surface. 

«^nb  seticomisy  Bast.    ) 

S.  crenaticornis,  Mont, )(LeucodoreciltatuSy  Johns.)  These 
seem  to  me  to  be  forms  of  one  species,  sometimes  excavating 
a  burrow  between  the  laminae  of  old  shells,  at  others  con- 
structing a  sandy  tube. 

S.  quadricomis,  Lam.  Very  common  below  high-water 
mark,  forming  a  slender  cylindrical  sand  tube ;  it  has  four 
tentacles,  the  two  lower  shorter,  and  the  anal  segment 
terminates  in  four  ovate  styles.  Branchiarius  qtiadrangu- 
larisy  Mont.,  seems    identical    with   this    worm,    but,    as 
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frequently  happens,  the  specimen  had  lost  the  anterior 
segments. 

Ophelia  coarctata^  M.  Edwards. 

One  specimen  only  met  with.     New  to  Britain. 

McBa  mirabilis,  Johns. 

Frequent  near  low-water  mark,  in  wet  places  where  the 
sand  is  intermingled  with  mud.  It  bears  a  close  superficial 
resemblance  to  the  smaller  Nemertoid  worms,  Astemma,  &c., 
and  has  the  same  white  colour  and  elastic  texture.  Dr.  Baird 
informs  me  there  is  one  specimen  in  the  British  Museum, 
from  the  coast  of  Fife.  Like  myself,  he  faciled  to  identify  it 
with  any  known  form,  and  I  had  named  it  provisionally 
Mhynophylla  bitentaculata;  but,  since  this  paper  was  in  type, 
he  advises  me  that  it  is  probably  identical  with  the  worm 
described  in  Dr.  Johnston*s  Catalogue,  at  p.  278,  as'  Mcbu 
mirabUis. 

As  I  have  not  been  able  to  compare  it  with  the  description, 
and  it  may  prove  distinct,  I  append  the  notes  I  had  drawn 
up  from  the  examination  of  living  specimens. 

Prestomial  segment  leaf-like,  ovate,  broader  than  the  body, 
strengthened  in  the  centre  by  five  ribs,  ciliated  below,  margin 
mobile  undulated  reticulate.  Proboscis  cordate,  retractile, 
tumid,  shorter  than  the  upper  lip,  from  the  lower  margin  of 
which  spring  two  long  flexible  trigonous  tentaculsB,  clothed 
throughout  the  inner  surface  by  four  to  six  rows  of  conical 
papillae,  resembling  the  suckers  of  Asterinae.  Eyes  and  an- 
tennae 0. 

Its  hold  on  the  sand  is  so  firm  that  specimens  are  seldom 
obtained  entire.  When  creeping  through  the  sand  the  thin 
mobile  upper  lip  acts  as  a  wedge,  and  the  turbinate  soft  pro- 
bosis  is  rapidly  protruded  like  a  bladder,  enlarging  the 
opening.  When  the  surface  is  reached  the  head  is  partially 
withdrawn,  and  the  two  papillose  tentacular  cirri  are 
directed  upwards. 

Body  three  to  six  inches  in  length,  white,  opalescent,  as 
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thick  as  a  crow  quill;  segments  very  numerous,  quadrangular^ 
slightly  winged,  as  broad  as  long,  the  upper  eight  a  little  nar- 
rower, especially  at  the  base,  where  it  joins  the  lower  portion. 
In  addition  to  the  small  transparent  branchial  lamiusD  on  the 
ventral  surface  of  each  of  the  upper  segments,  there  is  an  oval 
appressed  scale.  Intestine  simple,  ^containing  sand  and  mud. 
Numerous  ova  are  found  at  the  lateral  margins  of  each  rii^ 
after  the  eighth.  The  setse  of  the  eighth  segment  ace  very 
numerous  and  delicate,  resembling  in  form  the  pendulum  of 
a  clock,  while  tl^ose  of  the  lower  rings  are  stronger,  shaped 
like  golf  sticks. 

This  worm  shows  no  disposition  to  «wim  in  water,  but 
remains  in  one  place,  with  the  leaf-like  snout  curved  upwards. 
The  blood  is  colourless  or  nearly  so,  and  1  could  make  out 
no  circulation  as  in  many  worsis,  but  the  margin  of  the . 
snout  is  covered  with  a  delicate  net- work  of  vessels,  and 
the  tentaoular  papillae  are  each  supplied  with  a  vascular  loop. 
These  papillae  are  depressed  at  the  apex,  and  supplied  with 
muscular  fibres  like  true  suckers,  but  I  have  ucver  seen 
them  used  to  seize  any  object,  or  aid  in  progression. 

Arenicola  piscatorum.  Lam.     Very  abundant. 

LUMBRICIN^. 

JLumbricus  Uneatus^  Mull. 
Very  rare^  among  surface  mud. 
L.  capitattis,  Johns. 

Only  one  specimen,  constricted  below  the  snout. 
L.  pellucidus,  Temp.     (Clitelis  minutus,  Temp.) 
Found  within  putrid  specimens  of  the  heart  urchin,  and 
among  other  rejectamenta  of  the  tide. 

Capitibranchiata. 

Pectinaria  belgica.  Lam. 

Empty  tubes  common,  living  worms  occasionally  found  near 
low-water  mark. 
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Sabellaria  Anglioa^  Grube,  fS.  aheolataj  SBLir.J 

Very  common  within  shells^  especially  the  whelk. 

S.  Cr(M8i$8tma,  Lam.    Rare. 

TerebeUa  conckUega^  Pall. 

Frequ^it  near  low  water. 

T.  chryaodon  iMont.      \ 

T.  neMosCy  Mont.       (  Attached  to  shells^  &c.— not  rare. 

T.  eomtriotory  Mont.    ) 

I  have  found  two  specimens  of  a  minute  species  wiA  only 
eight  tentacles,  among  tubes  of  ^afe/Zarib,  perhiqis  the  young 
of  some  larger  form,  they  resemble  T.  osireata,  DalyeU. 

OpBj  gen.  nov.    (^One  ofih^  names  of  Cyhde.J 

Tube  slender,  strong  but  flexible  when  moist,  coated  with 
BBdnute,  closely  imbricated  fragments  of  shell,  attach^ 
^gewise. 

Worm  terete,  of  equal  breadth  throughout  (iW  inab). 
Branchial  fans  two,  terminal,  very  short,  composed  of  soft, 
thick,  pectinated  processes,  the  apices  bifid,  obtuse,  inconred, 
surrounding  the  mouth  like  a  star,  not  ciliated.  Between 
the  fiEuis  is  a  small  scoop-like  lip. 

Rings  distant,  the  upper  one  contracted  at  the  apex,  with 
lateral  tufts  of  setae,  much  shorter  than  the  succeeding  seg- 
ments, which  are  six  to  eight  times  longer  than  broad. 

Ventral  surface  channelled,  on  each  side  of  it  are  pencils 
of  slender  set^e :  and  surrounding  all  but  the  Tentral  aspect 
of  each  ring,  a  narrow  rough  band  like  a  rasp,  the  surface 
studded  with  conical  papillae.     No  lateral  hooks. 

Anal  rings  narrower,  ending  in  an  obtuse  point. 

O.  digitaia,  sp.  nov.  Frequent  opposite  the  Whitworth 
guns,  near  low  tide  mark,  accompanying  species  of  Terebella. 

Tube  three  to  four  inches  long,  tapering  a  little  at  each 
end,  which  is  open,  as  thick  as  a  crow-quill.  It  has  a  very 
neat  appearance  from  the  uniform  size  of  the  shell  fragmettts. 
Intestine  simple,  undulating,  filled  with  mud  a^d  sand. 
PeriMome  not  longer  than  broad,  when  closed  tonicat,  the 
d 
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flat,  obtuse,  fleshy  segments  curling  inwards  over  the  mouth. 
Colour  pinkish.  There  is  a  blood  vessel  on  each  side  of  the 
intestine,  but  I  could  trace  no  circulation  in  the  pectinated 
fans,  which  seemed  to  be  used  by  the  worm  to  collect  the 
grains  of  sand,  &c.  The  rasp-like  collars,  surrounding  each 
ring,  are  very  curious. 

There  is  an  animal  figured  by  Dalyell,  Powers  of  the 
Creator,  &c..  Vol.  II.,  PI.  xxxv.  f.  4,  5,  under  the  name  of 
dymene  borealiSy  which  may  be  identical  with  our  species^  but 
the  peristome  is  said  to  consist  of  16  to  24  teeth,  which  are 
figured  as  simple  and  recurved,  ^^  forming  a  shallow  funnel." 

This  Annelid  is  simple  in  structure  and  very  sluggish,  and 
it  bears  more  resemblance  to  the  Sipunctdidce  than  to  the 
higher  worms.  In  the  peristome  it  reminds  us  of  Chirodota 
digitata,  Esch.  From  Orthonia  it  diflers  in  the  rasp-like 
band  which  surrounds  each  segnient. 

SdbeUa  ventilabrum.      Bare,  cast  up  from  deep  water  after 

storms. 

Serptda  triguetra,  L.)  ^^  ,   „ 

-,        ^    ,     -.    ,     _   ^  Not  uncommon  on  shells, 
o.  contortuphcataj  L. ) 

Spinorbis  communis,  Flem.  'i  ,       ,    , 

-,,.---     ^  f  Attached  to  sea-weed,  some* 

S.  lucidus,  Mont.  ^ 

S.  minuta,  Mont. 
EocLBB,  Apbil  2, 1865. 


i  times  abundant. 


April  24th,  1865. 
Thomas  Alcock,  M.D.,  in  the  Chair. 

Donations. 

Captain  Mitchell  of  Madras,  three  slides  of  Indian  Diatom- 
acese,  and  contents  of  seers  fishes'  stomachs  almost  entirely 
consisting  of  Diatomacese. 

Pr.  Aloock  read  a  cpmmunication  on  **  Soutbport  Natural 
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History."  He  showed  specimens  of  Tellina  donadna^  Modiola 
tulipa  and  Fissurella  reticulata  found  on  the  shore^  also  of 
the  large  variety  of  the  Solen  ensis,  some  distorted  shells  of 
Mactra  stultorum  and  Syndosmya  alba.  Fissurella  reticulata 
had  not  hitherto  been  recorded  as  a  Southport  shell.  He 
made  some  observations  on  the  Natteijack  Toads,  which  were 
spawning  in  marshy  places  among  the  sand  hills,  (April  18th 
to  22nd,}  exhibiting  males  and  females  living,  and  spawn 
preserved  in  glycerine. 

Mr.  R.  D.  Darbishire  mentioned  the  occurrence  of  the  Old 
English  or  black  rat  in  Messrs.  Whitbread  and  Go's  brewery 
in  Chigwell  street,  London,  and  exhibited  stuffed  specimens 
of  male,  female,  and  young. 

Mr.  6.  £.  Hunt  exhibited  specimens  of  a  Campylopus 
allied  to  C.  setifolius,  or  possibly  a  new  species.  ' 


Annual  Meeting.  May  15th,  1865. 

Mr.  J.  SiDEBOTHAM,  President,  in  the  Chair. 

The  following  officers  for  the  ensuing  session  were  duly 
elected :  — 

ABTHUB  a.  LATHAM. 

JOSEPH  SIDEBOTHAM. 

B.  D.  DABBISHIRE,  BJu,  F.a.S., 

JOHN  D.  DANGEB,  F.B.A.S. 

^rtoflttrer. 
THOMAS  H.  NEVILL. 

Secretaries. 

H.  A.  HUBST. 
THOMAS  ALCOCK,  M.D. 
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JOSEPH  BAXBNDBIX*  V.B.A.8. 

JOHN  PAEEY. 

W.  H.  HEYB. 

W.  0.  WILLIAMSON,  V.BS.,  ltd. 

J.  a.  LYNDE. 

J.  WATSON. 

G.  H.  GBINBON. 

THOMAS  OOWABD. 

Donation. 

Dr.  Alcock  presented  to  the  Section  S4  slides  of  mounted 
Foraminifera  from  shore  sand^  coast  of  Galway. 

A  fine  stuffed  specimen  of  Osprey,  shot  at  Rostheme  Mere, 
was  exhibited  by  Mr.  Harrison. 


PHOTOaBAPHIO     SBOTIOF. 

April  6lii,  1865. 

H,  E.  IJoscoB,  B.A.,  Ph.D.,  F.R.S.,  F.C.S.,  Vice-Presi- 
dent of  the  Sectioai,  in  the  Chair. 

Mr.  J.  SiDBBOTHAM  Said  that  two  of  the  chief  points  in  his 
paper,  read  on  the  Snd  February,  were,  that  lenses  either 
very  short  or  very  long  in  focus  did  not  give  true  transcripts 
of  nature ;  in  the  long  focus  the  objects  in  the  distance  look- 
ing too  near,  and  in  the  ahort  focus  too  distant ;  and  that 
lenses  of  from  seven  to  ten  inches  focus  gave  correct  per- 
spective If  large  pictures  were  wanted  they  should  be 
enlarged  from  negatives  taken  with  a  short  focus  lens.  The 
second  point  was,  that  in  all  photographs  there  should  be 
introduced  some  standard  of  measure,  so  that  the  focus  of  the 
lens  being  known,  objects  oould  be  approximately  measured. 

Mr.  J.  B.  Danger  remarked  that  in  comparing  pictures 
taken  by  short  and  long  focal  lenses  for  the  purpose  of  show- 
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ing  the  errors  of  perspective^  it  would  be  desirable  to  take 
into  account  the  angle  included  in  the  field  of  view,  the 
diameter  of  the  stop,  and  the  errors  arising  from  the  aberration 
in  the  lenses  employed.  In  order  to  obtain  a  view  of  photo- 
graphic pictures  which  should  approach  as  nearly  as  possible 
to  the  view  seen  by  the  eye,  they  should  be  looked  at  through 
lenses  of  corresponding  foci  to  the  lenses  with  which  they 
were  taken. 

Mr.  Jambs  Mudd  read  a  paper  entitled  ''A  Photo^ 
grapher's  Dream/'  in  which  he  pointed  out  that  a  good 
picture  is  not  due  solely  to  the  process  or  the  apparatus  used, 
but  that  more  was  dependent  on  the  careful  study  of  the 
laws  of  art,  without  which  it  was  impossible,  except  by 
accident,  to  produce  an  artistic  picture. 


Annual  Meeting,  May  1 8th,  1865. 
Joseph  Baxendbll,  F.B.A.S.,  in  the  Chair. 

The  Sbcretaby  read  the  annual  report,  congratulatiDg 
the  members  on  the  success  of  their  first  session.  The  varioua 
Papers  read  at  the  different  meetings  were  referred  to ;  the 
fiinds  were  also  stated  to  be  in  a  satisfactory  condition. 

The  report  was  unanimously  adopted. 

The  following  gentlemen  were  elected  to  hold  office  during 
the  ensuing  year  : — 

^esidem. 
THE  BIGHT  BSY.  THE  LOBD  BISHOP  OF  liANCHBSTEB. 

IFUf^csiHtms. 

J.  P.  JOULE,  LL.D.,  F.B^.,  4o. 

H.  E.  BOSCOE,  B.A.,  Ph.D.,  F.B.S.,  F.O.S. 

JOSEPH  BAXEKBELL,  F.B.A.S. 

THOMAS  H.  NBYILL. 
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LESLIE  J.  MONTEFIOEE. 

Council. 

J.  B.  DANCER,  F.B.A.S. 

E.  C.  BUXTON. 

JOHN  PARRY. 

JOHN  ROaERSON. 

JOSEPH  SIDEBOTHAM. 

W-  C.  WILLLiMSON,  F.R.S.,  &c. 

Mr.  George  Wardley  read  a  paper  on  •*  Glass  Trans- 
parencies/' in  the  course  of  which  he  detailed  the  various 
processes  generally  in  use  for  printing  glass  transparencies, 
dwelling  especially  on  the  modification  of  the  taupenot,  in 
which,  after  coating  the  plate  with  collodion,  instead  of 
immersing  it  in  the  sensitive  bath,  it  is  thoroughly  washed 
with  water  to  get  rid  of  the  ether  and  alcohol,  and  is  then 
coated  with  iodised  albumen ;  the  remainder  of  the  process  is 
then  exactly  as  the  taupenot.  The  tannin  process  answered 
well,  but  many  prints  were  spoiled  in  consequence  of  halation. 
The  best  preservatives  for  printing  transparencies  were  a  mix- 
ture of  tannin  and  honey,  or  tannin  and  raspberry  syrup, 
the  former  giving  brown  and  the  latter  black  tones.  The' 
addition  of  the  raspberry  syrup  to  the  tannin  yielded  pictures 
entirely  free  from  halation. 

Dr.  J.  P.  Joule,  F.R.S.,  described  some  further  im- 
provements in  his  camera,  by  means  of  which  glass  only 
came  in  contact  with  the  silver  solution. 


The  following  paper  was  read  at  a  meeting  of  the  Micro- 
scopical Section,  held  November  28th,  1864 — see  page  52 : — 

"  Notes  on  Natural  History  Specimens  lately  received  from 
Connemara,"  by  Thomas  Alcock,  M.D. 

The  series  of  specimens  which  I  have  now  to  lay  before 
you  is  so  extensive,  and  I  believe  sd  interesting,  that  parts  of 
it  might  properly  form  the  material  for  several  distinct  com- 
municationB ;  but  at  present  I  propose  to  show  them  as  a 
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whole,  and,  with  the  specimens,  to  hand  in  as  complete  lists 
as  I  can  of  the  species  in  each  class. 

The  richness  of  the  coast  of  Galway  is  well  known  to  every 
student  of  British  Marine  Zoology ;  for  to  whatever  branch 
of  the  subject  he  devotes  himself  he  finds  alike  that  here 
some  of  his  rarest  treasures  are  to  be  obtained.  It  is  not 
vrith  the  hope  of  making  known  to  you  much  thai  is  new 
that  I  am  led  to  introduce  this  subject  to  your  notice,  but 
chiefly  because  I  am  convinced  that  natural  history  work 
amongst  ourselves  is  best  promoted  by  the  formation  of  exact 
lists  of  the  species  which  we  actually  know  to  have  been 
found  at  some  particular  localities ;  and  such  lists  of  Conne- 
mara  specimens,  imperfect  as  they  must  necessarily  be  at 
first,  I  have  now  to  lay  before  you.  It  is  however  no  more 
than  might  be  expected  that  in  the  course  of  careful  examina- 
tions of  so  many  objects  some  points  have  occurred  to  me 
which  I  think  worthy  of  notice,  and  these  I  shall  mention  as 
I  come  to  them  in  their  natural  order. 

In  the  first  place  I  have  to  show  specimens  of  three  species 
ofNulli|K)re — namely,  N.  polymorpha,  N.  calcarea,  and  N. 
fasciculata;  also  N.  calcarea  var.  depressa. 

The  list  of  Foraminifera  is  an  extensive  one,  especially 
considering  that  all  my  specimens  are  from  shore  sand  and 
from  one  locality.  This  sand  is  from  Dogs  Bay,  Rouudstone, 
and  consists  of  many  kinds  of  small  shells  of  Mollusca, 
among  which  Rissoae  and  Lacunae  are  most  noticeable  at 
first  sight,  fragments  of  LepralisB  and  other  Zoophytes, 
spines  of  Amphidotus,  and  sponge  spicula,  while  the  finer 
parts  are  made  up  entirely  of  Foraminifera.  Of  these  I 
have  found  58  species  and  named  varieties,  and  also  six 
very  distinct  forms  which  are  not  mentioned  in  Professor 
Williamson*s  Monograph  on  Recent  British  Foraminifera. 
Specimens  of  these,  and  of  all  the  other  forms  contained  in 
the  list  are  mounted  for  inspection. 

In  the  course  of  my  frequent  examinations  of  these  objects 
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I  have  made  a  few  observations  on  several  of  them,  whioh 
may  perhaps  be  interesting. 

I  find  Orbulina  universa  common  in  the  Dogs  Bay  sand ; 
that  is,  I  have  picked  out  some  hundreds  of  specimens. 
They  vary  greatly  in  size,  the  largest  being  four  or  five 
times  the  diameter  of  the  smallest.  They  have  the  surface 
frosted  with  larger  and  smaller  tubercles,  arranged  with  a 
certain  kind  of  regularity,  but,  though  thus  rough  externally, 
the  texture  of  the  shell  does  not  appear  to  be  arenaceous  as 
stated  by  Professor  Williamson,— at  least,  if  by  that  term  is 
meant  that  it  is  formed  of  a^lutinated  grains  of  sand  as  is 
the  case  with  some  other  species.  When  examined  with  a 
high  power  and  transmitted  light,  the  larger  and  smaller 
tubercles  show  black  from  their  density  and  the  spaces 
between  them  are  partly  occupied  by  objects  like  very  trans- 
parent thin  plates,  of  a  uniform  size  and  an  imperfectly 
squared  figure,  the  impression  these  convey  being  diat  they 
have  been  produced  by  a  kind  of  crystallization  of  the 
material  of  the  shell  at  the  time  of  its  original  formation.  . 
I  conclude  that  the  colourless  condition  of  my  specimens 
depends  on  the  perfect  n^anner  in  which  all  animal  matter 
has  disappeared,  and  I  think  for  an  examination  of  the  mere 
structure  of  the  outer  case  this  must  be  an  advantage.  It 
may  be  interesting  to  note  that  among  the  specimens  are  a 
few  with  one  or  more  protuberances  of  parts  of  their  surface, 
destroying  the  regular  spherical  figure,  and  indicating  an  in- 
cipient budding  before  the  shell  hardened ;  there  is  also  one 
large  and  very  handsome  double  specimen. 

Besides  the  Orbulinas  I  have  an  example  of  another  kind 
of  spherical  object,  which  for  convenience  I  will  mention  here, 
though  I  do  not  suppose  it  to  belong  to  the  Foraminifera  at 
alL  It  looks  like  a  sphere  of  the  most  transparent  glass,  and 
is  without  colour  or  markings  of  any  kind. 

I  have  found  all  the  forms  of  Lageua,  excepting  L.  vulgaris 
typica  and  L.  gracilis.     Lagena  striata  and  interrupta  are 
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abundant;  and  these,  with  very  few  exceptions,  have  the 
costce  passing  forward  to  the  extremity  of  the  neck,  in  which 
case  it  is  only  one  half  of  the  whole  number  which  do  so,  each, 
alternate  one  stopping  short  at  -the  base.  Specimens  where 
the  costse  wind  spirally  around  the  neck  are  equally  common 
with  those  in  which  they  take  a  straight  course.  These 
Lagense  have  the  appearance  of  old  coarse  shells,  but  they  do 
not  seem  to  have  suffered  from  attrition ;  they  are  scarcely 
ever  found  with  the  neck  broken  short,  though  it  may  perhaps 
be  almost  equally  rare  to  meet  with  one  absolutely  perfect. 
The  varieties — clavata,  perlucida,  semistriata,  and  substriata, 
are  comparatively  rare,  and  all  of  them  have  forms  and  charac- 
ters very  distinct  from  striata  and  interrupta,  while  the  two 
latter  agree  perfectly  excepting  in  the  matter  of  the  costse^ 
which  are  found  in  different  specimens  to  be  interrupted  in  a 
great  variety  of  ways,  those  with  the  costSB  perfectly  con- 
tinuous being  the  least  common  ;  so  that  the  conclusion  I  am 
inclined  to  come  to  is,  that  they  need  not  be  separated  even 
as  varieties,  and  that,  whatever  doubts  may  remain  as  to  some 
of  the  other  named  varieties,  the  great  abundance  of  these  two 
and  the  constancy  of  their  general  characters  make  it  certain 
that  together  they  will  form  a  good  species  under  the  name 
of  Lagena  striata.  A  few  specimens  of  this  species  have  a 
mucro  at  the  base,  and  deformed  ones  are  not  uncommon ; 
these,  besides  having  the  body  variously  mis-shapen,  often 
have  the  neck  bent,  sometimes  even  so  much  as  to  give  the 
specimen  the  form  of  a  retort. 

The  Dogs  Bay  sand  contains  many  forms  of  Kntosolenia, 
some  of  them  agreeing  with  those  described  by  Professor 
Williamson,  but  others  distinct ;  and  of  these  latter  I  have 
ventured  to  name  two,  which  may  be  described  as  follows :  — 
1.  Entosolenia  Williamaoni,  a  very  abundant  form,  might 
pass  at  first  sight  for  Lagena  striata  with  the  neck  broken 
away,  but  a  close  examination  shows  it  is  a  perfect  shell,  the 
body  like  L.  striata  but  rather  less  full  in  proportion  to  its 
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leugth  than  is  usual  in  Connemara  specimens^  and  the  tex- 
ture a  little  more  glassy ;  its  chief  peculiarity  however  is  in 
the  neck,  which  is  short  and  formed  of  two  distinct  portions, 
the  first  directly  continuous  with  the  hody  and  having  an 
outline  similar  to  that  of  the  lower  part  of  the  neck  of  Lagena 
abruptly  cut  short,  and  the  second  a  cylindrical  tube  of  com- 
paratively small  diameter  continued  from  the  middle  of  it. 
The  first  portion  is  ornamented  with  three  circles  of  hexa- 
gonal reticulations,  which  are  continuous  below  by  their 
inferior  angles  with  the  longitudinal  costae  of  the  body,  and 
present  an  interesting  combination  of  the  superficial  charac- 
ters of  £.  costata  and  E.  squamosa. — 2.  Entosclmia  Montagui 
is  a  squamous  form,  but  differs  from  the  named  varieties  of 
E.  squamosa  in  having  its  surface  really  covered  ^ith  a  pat- 
tern like  scales  instead  of  vrith  raised  reticulations.  Well 
developed  specimens  are  not  at  all  flattened,  though  many 
are  found  as  if  crushed,  and  they  then  present  an  appearance 
resembling  a  dried  fig. ;  the  true  shape  however  is  a  perfect 
oval,  frill  and  well  rounded  at  the  smaller  end,  and  from  the 
middle  of  this  projects  a  short  smooth  cylindrical  tube.  With 
a  low  power  of  the  microscope,  the  whole  surface  of  the  body 
appears  to  be  made  up  of  small  almost  square  fitcets  arranged 
in  distinct  longitudinal  rows,  but  when  these  are  more  highly 
magnified  each  flattened  surface  is  seen  to  rise  a  little  ante- 
riorly, and  to  have  the  front  border  rounded  so  as  to  give 
exactly  the  appearance  of  a  covering  of  scales. 

So  far  as  I  have  yet  seen  the  forms  of  DentaUna  and 
Cristellaria  are  very  rare  in  this  sand,  Nonionina  Jeffreysii 
and  elegans  are  also  scarce,  but  Patellina  corrugata,  which 
is  described  as  a  rare  species,  is  not  very  uncommon,  and 
some  remarkably  fine  specimens  have  been  met  with.  AU* 
the  forms  of  Botalina  occur  excepting  two,  and  there  are 
several  undescribed  ones  in  addition ;  at  present  I  have  seen 
only  one  specimen  of  the  rare  species,  R.  inflata.  *  There 
are  two   distinct    varieties  of   Globigerina,  one  vrith  the 
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chambers  globular,  the  other  having  them  considerably  flat- 
tened, which  gives  quite  a  different  character  to  the  sh'bll. 
Truncatulina  lobata  is  by  far  the  most  abundant  species,  and 
with  Miliolina  seminulum,  constitutes  the  chief  bulk  of  the 
the  sand.  The  two  forms  of  Cassidulina  are  equally  common, 
and  specimens  have  not  been  met  with  presenting  inter- 
mediate links.  Polymorphina  lactea  occurs  in  profusion,  and, 
though  the  forms  which  are  distinguished  as  typica,  oblonga, 
and  communis  are  well  marked,  a  considerable  proportion  of 
the  whole  number  of  specimens  collected  seem  to  indicate  an 
absence  of  any  definite  plan  in  the  arrangement  of  the  seg- 
ments, the  chambers  being  evidently  thrown  together  without 
order,  and  in  some  cases  producing  an  irregular  nodulated 
mass,  with  two,  three,  or  more  distinct  and  perfectly  formed 
open  mouths  on  different  parts  of  the  surface.  I  find  also 
specimens  consisting  of  nothing  more  than  the  primordial 
segment,  and  these  might  be  mistaken  for  a  form  of 
Entosolenia  globosa  but  for  the  peculiar  texture  of  the  shell 
and  the  radiating  grooves  around  the  mouth;  they  are 
worthy,  I  think,  of  particular  notice,  as  possibly  capable  of 
furnishing  some  more  reliable  marks  of  distinction  than  are 
found  in  adul(  shells,  though  at  present  all  I  have  seen  are  of 
one  character. 

The  forms  of  Textularia  are  numerous,  and  among  them 
are  four  which  can  readily  be  separated,  but  may  still  pass 
for^varieties  of  T.  cuneiformis ;  one  of  them  however  difiers 
considerably  in  having  the  texture  of  the  shell  much  finer, 
and  the  chambers  full  and  rounded.  Textularia  conica  is 
abundant,  and  its  character,  in  these  Connemara  specimens^ 
is  so  distinct  from  T.  cuneiformis  that  it  seems  impossible  to 
admit  it  as  only  a  variety  of  that  species.  In  many  of  the 
specimens  the  apex  of  the  cone  is  broken,  exposing  always 
three  chambers,  which  are  arranged  like  a  trefoil  and  are 
placed  almost  on  the  same  plane. 

An  examination  of  the  specimens  before  you  of  the  two 
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forms  of  BilocuUna^  named  respectively  in  Professor  William- 
son's Work, — B.  ringens,  typica  and  B.  ringens,  var.  carinata, 
will  suggest,  I  think,  a  doubt  as  to  whether  it  is  correct  to 
throw  them  together  as  one  species,  the  texture  of  the  shells  as 
well  as  the  form  of  their  mouths  being  very  different. 

All  the  named  varieties  of  MiKolina  occur  in  abundance, 
and  among  them  are  great  numbers  of  evidently  distorted 
and  misshapen  specimens  which  appear  to  me  to  give  no 
help  whatever  in  the  way  of  supplying  inosculating  forms, 
but  may  prove  useful  by  indicating  facts  bearing  on  the 
general  development  of  the  animals.  Specimens  with  the 
last  chamber,  not  broken  but  clearly  left  incomplete,  are  by 
no  means  uncommon. 

LepraluB, — ^The  specimens  of  many  species  of  Lepralise 
which  I  have  to  show  are  from  dead  shells  picked  up  from 
the  shore  of  Dogs  Bay,  and  from  others  dredged  at  the  mouth 
of  Birterbuy  Bay.  These  promise  a  very  rich  harvest,  and 
indications  of  a  great  number  of  species  are  further  given  by 
the  specimens  of  detached  cells  and  fragments  picked  out 
from  the  shell-sand,  though  the  latter  are  generally  too 
broken  to  serve  for  exact  examination  or  description.  At 
present  I  have  done  very  little  with  the  specimens,  but  can- 
not altogether  omit  mentioning  them.  Lepralia  figularis  is 
common,  and  the  specimens  are  very  beautiful  ones.  There 
are  also  many  examples  of  a  species  nearly  agreeing,  but  not 
quite  identical,  with  Johnston's  Lepralia  ovalis ;  and  Lepralia 
dliata  var.  j3  of  Johnston,  Mr.  Hassall's  Lepralia  insignis,  is 
plentiful.  There  are  many  other  striking  forms  which  I 
have  not  yet  had  the  means  to  identify,  besides  common  ones 
about  which  there  is  no  doubt ;  but  at  present  I  must  pass 
over  the  subject  without  attempting  to  give  a  list. 

Echinodermata, — The  present  list  includes  ten  species, 
and  on  the  table  are  very  handsome  specimens  of  four  of 
these,  namely,  Uraster  glacialis  and  U.  violacea,  Luidia 
fragillissima  and  Echinus  lividus.    The  acquisition  of  the  two 


199 

species  of  Uraster  just  mentioned^  which  were  not  before  in 
the  Museam  collection,  led  me  to  compare  them  with  Uraster 
rubens,  and  see  if  some  more  reliable  distinctions  might  not 
be  found  than  the  slight  differences  of  proportion  and  form 
on  which  Forbes  lays  the  most  stress.  The  result  of  this 
examination  is  that  the  strong  spines  with  which  the  bodies 
of  all  three  are  beset  offer  at  once  a  clear  and  simple  means 
of  distinction^  their  character  in  each  species  being  decidedly 
different. 

The  spine  of  Uraster  rubens  is  club-shaped,  the  base 
spreading,  and  irregularly  nodulated,  the  short  shaft  cylin- 
drical and  smooth,  and  the  head  barrel-shaped  and  beset 
with  longitudinal  rows  of  thin  triangular  projecting  points. 
That  of  U.  violacea  has  the  basal  part  rising  in  the  form  of  a 
short  wide  cylinder,  crowned  with  an  irregular  circle  of  short 
spinules,  from  the  midst  of  which  the  spine  is  continued  in  a 
conical  shape,  and  near  its  summit  is  armed  with  rows  of 
triangular  projecting  points  like  those  of  U.  rubens.  While 
that  of  U.  glacialis  has  the  form  of  a  large  strong  cone  with 
a  very  wide  base  rising  from  a  dense  circular  bed  of  small 
blunt  spinules.  The  apex  of  the  cone  appears  truncated, 
and  its  sides  near  the  top  are  marked  with  a  few  slight  serra- 
tions.      • 

Bntomostraca, — In  the  shell-sand  from  which  the  Fora- 
minifera  were  obtained  great  numbers  of  the  cases  of  ento- 
mostraca  occur*  Specimens  have  been  picked  out  of  C^there 
albo-maculata,  angustata,  variabilis,  flavida,  convexa,  im- 
pressa,  pellucida,  and  quadrideutata,  the  last  mentioned  species 
being  rather  common ;  and  besides  these  I  have  to  show 
mounted  specimens  of  about  thirty  forms  perfectly  distinct 
from  one  another  and  from  those  above  mentioned.  At  pre- 
sent, however,  from  want  of  knowledge  of  what  has  been 
recently  done  in  this  subject,  I  am  obliged  to  pass  them 
over. 

Crustacea.    The  collection  of  Crustacea  before  you  forms 
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in  itself  a  very  handsome  result  of  Mr.  B.  D.  Darbishire's  one 
day's  dredging  in  Birterbuy  Bay,  and  among  the  specimens 
are  some  choice  species,  as  Eurynome  aspera,  Ebalia  Bryeri 
and  Cranchii  and  Atelecyclus  heterodon.  These  and  indeed  all 
the  other  specimens^  form  valuable  additions  to  the  Museum 
collection,  which  promises  soon  to  become  really  useful  for 
study  and  reference.  The  plan  adopted  of  showing  the  speci- 
mens dried,  mounted  on  glass  and  enclosed  in  glass-lidded 
boxes,  has  been  found  quite  satisfiEu;tory,  preserving  them 
both  from  dust  and  damage  by  handling,  while  by  properly 
displaying  several  specimens  of  a  species  in  different  positions 
every  part  may  be  clearly  seen. 

MoUusca. — The  list  of  Mollusca  which  I  have  next  to 
present  contains  138  species,  including  those  dredged  in 
Birterbuy  Bay ;  the  others  are  all  beach  specimens,  collected 
by  Mr.  Glover  and  Mr.  Darbishire,  or  picked  out  since  from 
the  shell  sand. 

The  feet  that  16  species  of  small  land  shells  have  been 
found  in  considerable  numbers  in  the  sand,  along  with  the  sea 
shells  and  foraminifera,  may  be  worth  notice;  more  or  less 
of  such  an  admixture  is,  I  believe,  not  uncommon,  but  in  the 
present  case  the  proportions  appear  to  be  unusual,  and  the  very 
great  abundance  of  Helix  pulchella  is  certainly  remarkable. 
It  should  be  mentioned,  too,  that  Mr.  Glover  has  collected 
from  the  sandy  strip  of  ground  separating  Dogs  Bay  from 
Gorteen  Bay  many  dead  bleached  specimens  of  Helix 
nemoralis  and  a  few  of  H.  aspersa  remarkable  for  the  great 
thickness  and  weight  of  the  shells,  in  consequence  of  a  very 
excessive  deposition  of  calcareous  matter  in  their  substance ; 
no  similar  shells  in  the  living  state  have  been  found  in  the 
neighbourhood,  though  carefully  looked  for. 

As  to  the  sea  shells,  I  shall  mention  only  a  few  that  have 
particularly  attracted  my  notice.  Otina  otis  was  found  on  a 
mass  of  small  living  mussels  brought  by  Mr.  Glover.  Csecum 
glabrum  is  very  abundant  in  the  sand,  and  I  have  picked  out 
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some  scores  of  specimens  of  this  shell  in  the  young  state  with 
the  spiral  nucleus  attached,  besides  great  numbers  of  separate 
spirals ;  the  intermediate  length  of  tube  between  the  young 
and  the  adult  state  increases  rapidly  in  size,  and  has  a  decidedly 
conical  shape,  so  that  the  whole  length  of  the  shell,  if  it  were 
to  remain  entire,  would  not  be  so  great  as  might  be  supposed 
•  from  seeing^only  the  young  and  the  mature  portions.  Skenea 
rota  occurs  sparingly ;  I  have  seen  about  half-ardozen  speci- 
mens. The  minute  shells  which  have  proved  perhaps  the  most 
interesting  are  those  of  the  fry  of  different  species  of  limpet, 
four  forms  of  which  have  been  met  with ;  they  are  exceedingly 
abundant  in  the  shell  sand,  and  three  of  the  species  have  a 
distinct  spiral  cap  surmounting  the  apex  of  the  conical  part. 
The  series  of  mounted  specimens  shows  very  clearly  the 
several  stages  of  growth  to  the  adult  form,  and  it  will  be  seen 
that  an  internal  partition  is  formed  by  degrees  until  at  last  it 
completely  divides  the  interior  of  the  cone  from  that  the  larval 
cap,  which  then  drops  off,  leaving  a  depressed  oval  scar  near 
the  apex.  Patella  pellucida  is  at  once  distinguished  by  its 
brilliant  greenish-blue  marks ;  it  is  smooth  and  has  a  semi- 
transparent  horn  colour,  much  like  that  of  the  adult,  though 
it  gives  little  promise  of  the  elegant  shape  it  afterwards  grows 
to ;  the  larval  cap  is  large  and  its  spiral  character  distinct. 
A  second  form  has  sp  much  the  appearance  of  Patella  vulgata 
that  I  shall  venture  to  call  it  so.  The  cap  is  smaller  than  in 
P.  pellucida,  and  the  conical  shell  is  opaque  and  strong,  and 
has  radiating  ribs  and  markings  of  colour  resembling  the  adult 
P.  vulgata ;  in  thb  shell  the  scar  left  when  the  cap  has  &llen 
is  much  deeper  and  coarser  than  in  P.  pellucida.  A  third 
form,  which  is  much  the  most  abundant  in  the  sand,  has  a 
smooth,  delicate,  colourless  shell,  sometimes  quite  transparent, 
but  often  partly  or  wholly  opaque ;  the  cap  is  always  white 
and  has  the  appearance  of  a  drop  of  wax  on  the  apex  of  the 
cone.      In  this  species  the  conical  shell  from  its  first  com* 
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mencement  appears  to  f^w  uniformly  and  regularly  around 
the  margin  of  the  larval  shell,  and  thus  at  once  becomes  a 
complete  cone,  while  in  P.  pellucida  the  growth  is  at  first 
entirely  on  oae  side,  forming  as  it  were  a  very  large  and 
expanded  outer  lip.  I  refer  the  present  shell,  though  without 
positive  proof,  to  AcmcBa  virginea.  The  fourth  limpet-like 
shell  is  quite  different  from  those  already  mentioned,  it  forms 
a  more  depressed  cone,  and  is  strong,  with  a  translucent  flinty 
texture,  and  the  surface  is  marked  with  numerous  fine,  equal, 
radiating  ribs.  There  is  no  deciduous  cap,  but  the  apex  of 
the  cone  is  a  little  flattened  and  presents  a  circular  area, 
which  is  snlooth  and  glassy,  and  appears  as  though  a  small 
transparent  button  were  sunk  into  the  substance  of  the 
shell. 

The  occurrence  of  the  shells  of  fry  of  great  numbers  of 
species  both  of  univalve  and  bivalve  moUusca  in  the  sample  of 
sand  from  Dogs  Bay  which  I  am  examining,  has  led  me  to 
attempt  their  idenfification  with  the  view  of  obtaining  inform- 
ation as  to  the  characters  of  some  of  the  larval,  or  more 
properly  speaking  foetal,  forms,  which  have  not  hitherto  been 
observed.  In  this  inquiry  it  is  necessary  to  give  a  more 
definite  meaning  to  the  term  «*  Fry"  than  has  generally  been 
done,  for  it  appears  to  have  been  used  indifferently  for  the 
foetal  shell  as  it  comes  from  the  egg,  and  for  the  young  which 
has  grown  considerably  beyond  that  condition.  Shells  of  the 
latter  kind  still  show  the  foetal  shell  perfectly,  and  at  the  same 
time  display  characters  in  the  aftergrowth  by  which  at  all 
events  the  genus,  and  in  some  cases  the  species  may  be 
determined,  and  it  is  specimens  with  these  double  characters 
that  I  shall  distinguish  as  fry.  At  present  I  will  leave 
the  microscopic  univalve  shells  without  further  notice,  except- 
ing to  remark  that,  while  as  a  rule  all  foetal  shells  are  smooth 
and  glassy,  there  are  among  the  univalves  some  striking 
exceptions,  where  the  shell  is  beautifully  sculptured,  as  in 
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some  exquisite  little  spedmens  apparently  the  fry  of  Murex 
erinaceus.  The  whole  shell  (fig. 
i)  IS  of  a  transparent  horn  brown 
colour,  |and  is  covered  with  raised 
reticulations  most  gracefblly  dis- 
posed; those  on  the  nucleus  are 
longitudinal  and  transverse,  en. 
closing  minute  square  deprenssions ; 
while  on  the  succeeding  whoirls  they 
are  diagonal  in  oppose  ditedtion^ 
and  forth  dikm'ond^haped  arieblse; 

The  bivalfes  have  6t  present  «n- 
ga&^ed   most 'of  hiy  aitetition^  and 
several  of  Chem'  will  d^sei'Ve  a  shoH 
Fio.  1.  notice.    One  6f  the  most  remarkable 

is  a  shell  (fig.  2)  which'  I  refer  td  Afiomia.*    It  is 'traiid- 

pso'ent,   and'l;a}6like  in   texture, 
klid  is  v^^  thin  and  delicate,  so 
I  as   to  be   almost   alwayi    found 
'  more  or  less  tjtoken  at  the  edges. 
Its    siAstdbc^   is    eitcarated'  by 
aumerous  tubes  similar  to  those 
described  by   Dr.   W.   Cairpentwr 
I  in   Anomia,'  and  these  tubes  rap- 
\  diate  fr6m  the  edge  of  the  nucleus 
'  in  all  ditiecttons  to  the  ihar^n  of 
the  shell.      The  nucleus  itself  is 
very  glassy  and  trausparent,  and 
is    fult  'arid  'founded    in    shaplB, 
Fio.  '2.  thougti  Still' ind!fitlnctly  triangtilar.' 

But  the  singular  feature  in  these  specimens  is  that  the  growing 
sliell^  which  completely  surrounds  th6  nucleiis^  in  tbd  saoke 
way  that  it  does  in  Ostrea,  here  leaves  a  small  round  hole  <in 
each  side  of  the  beak'.'— The  fify  of'^Ostrea  edulis  is  cohimon  ; 
{Ee  foebd  shell  also  occtirs' separate,  and  is  readilj^  distin* 
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guished  by  having  a  notch  about  the  middle  of  the  ventral 
margin  and  by  one  of  the  valves  being  flatter  than  the  others- 
Shells  having  the  form  of  Pecten  are  found  in  abundancei 
and  about  half  a  dozen  kinds  have  been  made  out,  though  at 
present  these  cannot  be  referred  to  their  species,  the  characters 
which  distinguish  them  being  of  a  different  nature  from  those 
found  in  the  adult  shells ;  for,  contrary  to  what  is  usually  the 
case,  the  Pectens  grow  to  a  considerable  microscopic  size  before 
the  proper  sculpture  begins  to  be  formed,  and  this  intermediate 
growth  resembles  neither  the  foetal  shell  nor  the  adult  in 
structure.     All  the  young  Pectens  which  have  been  observed 
have  a  rounded  shape  like  P.  opercularis,  and  in  all  of  them 
the  nucleus  i»  smooth,  glassy^  and  transparent,  with  the  valves 
ventricose  and  obscurely  triangular,  like  those  of  Anomia. 
One  form  differs  from  all  the  others  in  having  the  intermediate 
growth  entirely  composed  of  cellular  structure,  which  might 
lead  to  a  suspicion  that  it  is  Avicula,  but  the  general  character 
is  strictly  that  of  Pecten.     As  might  be  expected  from  the 
conditions  under  which  the  specimens  are  found,  none  are 
double,  and  it  may  be  worth  mentioning  that  those  with  a 
cellular  structure  are  flat,  and,  as  fieur  as  has  yet  been  observed, 
are  all  the  same  valve.     The  other  forms  are  convex,  and 
have  the  external  surface  pitted  over  with  more  or  less  numer- 
ous deeply  excavated  depressions  of  various  forms,  differently 
arranjged  so  as  to  make  so  many  distinct  patterns.— i^'iTkz  sulh* 
aurictikUa  is  not  uncommonly  found  of  microscopic  size,  and 
it  agrees  with  the  characters  given  of  the  adult,  excepting 
that  the  strong  middle  line  is  externally  a  furrow  and  inter- 
nally a  ridge,  instead  of  the  reverse.     In  this  shell  no  dis- 
tinct line  of  demarcation  is  seen  between  the  foetal  shell  and 
the  aftergrowth.  —  CreneUa  presents  an  unusual  case,    as 
shown  by  the  series  of  mounted  specimens,   in   which  the 
growth  is  seen  to  be  continued  to  a  considerable  size  on  the 
plan  of  the  [original  foetal  shell,  and  then  suddenly  changes 
to  a  totally  different  character,  as  has  been  abready  observed 
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by  Mr.  Jeffreys  (Brit  Conchy  vol.  ii.  p.  132.) — Area  tetra^ 
gona  shows  a  remarkable  nucleus,  which  differs  from  almost 
all  others  \  have  seen  in  being  amber-coloured  or  light  brown, 
and  it  has,  scattered  over  its  surface,  a  few  marks  which 
appear  like  short  deeply-implanted  hairs.  Two  species  of 
Cardium  have  been  distinguished,  namely  C.  edule  and 
C.  echinatum ;  both  have  the  foetal  shell  smooth,  transparent, 
and  globular,  but  that  of  C.  echinatum  is  considerably  the 
larger.  Several  species  of  Venus  have  been  observed,  and  in 
all  of  them  the  foetal  shell  is  small,  globular,  and  glassy.  The 
fry  of  Tapes  \9  characteristic,^  and  the  form  of  it  which  I  have 
found  appears  to  agree  with  T.  virginea.  1  must  pass  over 
many  other  shells  about  which  there  is  more  or  less  doubt, 
and  will  at  present  mention  only  one  more,  namely  Saxicava 
rugosoy  which  is  the  most  abundant  of  all  the  species  in  the 
Dogs  Bay  sand.  The  nucleus  is  very  large,  glassy,  and 
transparent,  and  resembles  a  Cyclas  in  shape.  The  fry  of 
this  species  shows  very  well  how  completely  the  characters  of 
the  adult  shell  are  dormant  in  the  foetal  state,  and  how  im- 
mediately they  are  sometimes  assumed  with  the  first  growth 
beyond  that  condition. 

In  conclusion  I  have  only  to  say  that  I  trust  the  results  of 
further  examinations  of  this  very  rich  shore  deposit  will  justify 
me  in  having  introduced  it  to  your  notice,  although  at  present 
my  observations  are  so  slight  and  imperfect;  and  I  will  further 
venture  to  express  the  hope  that  the  large  collection  of  speci- 
mens before  you  may  tempt  other  members  of  the  Section  to 
visit  the  coast  of  Galway  and  make  additions  to  the  subjoined 
lists. 

LIST   OF   SPECIES   FROM   ROUNDSTONE. 
1864. 

Foraminifera. 
Orbulina  universa.  Globigerina  bulloides. 

Lagena  vulgaris  var.  clavata.  Planorbulina  vulgaris. 

„  var.  perlucida.       Truncatulina  lobata. 
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Lagena  vulgaris  var.  semistriata. 

Bulimiua  pupoides,  typica. 

„              var.  striata. 

„               „     var.  marginata. 

„              var.  intemipta. 

Uvigerina  angulosa. 

„              var.  substriata. 

Cassidulina  leevigata. 

EntoBolenia  globosa  var.  lineata. 

y^          obtusa. 

„          oostata. 

Polymorphina  lactea,  typica. 

„          marginata. 

„                  »       oblonga. 

„                „         var.  lucida. 

„                  „       communis. 

WilliR,mflom(N.S.) 

„               myristiformis. 

„          squamosa,  typica. 

Textularia  cuneiformis,  typica. 

„            ,y  var.  scalariformis. 

„              „        var.  conica- 

„             „  var.  catenulata. 

„         variabilis. 

„             „  hexagoaa. 

„             ,,  var.  ^thulata^ 

„          Montagui  (N.S.) 

„               „  var.difformis. 

Nodosaria  radicula. 

Biloculina  ringens,  typica. 

f»        Pyrula. 

,,            yy        var.  carinata. 

Nonionina  Barleeana. 

Spiroloculina  depressa,  typica. 

„         Jeffreysii. 

„               „  var.  rotundata- 

„        elegans. 

„               „  var.cymbimiL 

Polystomellft  crispa. 

Miliolina  trigonula. 

„          umbilioatula.    - 

yy        seminulum. 

Patellioa  corrugata. 

„             „    var.  oUonga. 

Rotalina  Beocarii. 

„             „    var.  disoifonnis. 

,,       inflata. 

yy        bicomis,  typica. 

„       oblonga. 

„               „       var.  angulata. 

„       concamerata. 

Spirilintf  foliacea. 

,,       mamilla. 

„        perforata. 

,,       nitida. 

EehinocUrmatu. 

Ophiura  texturata. 

Luidia  fragillissima. 

Ophiocoma  rosula. 

Echinus  lividus. 

Uraster  glacialis. 

Echinocyamus  pusillus  (in  ahell 

„       violacea. 

sand) 

„       rubeus 

Amphidotus  (spines  in  shell  sand) 

Aflterina  gibbosa. 

Crutt€tcecL 

Stenorhynchus  phalangium. 

Ebalia  Pennantii. 

Inachus  Doi-settensis. 

„      Bryeri. 

Hyas  coarctatus. 

„      Cranchii. 

Eurynome  aspera. 

Atelecyclus  heterodon. 

Zautho  florida. 

Pagurus  Bemhardus. 
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Zantho  rivulosa. 
Cancer  pagurus. 
CarcinuB  msenas. 
Pqrtunus  puber. 

„         corrugatns. 

„         depurator. 

„         pusOlns. 
Gonoplax  angulata. 


Vitrina  pelluoida. 
Zonites  cellarios. 

„      crystallintls. 
Helix  ericetorum. 

y,    lamellata. 

,y    fulva. 

„     pulchella. 

y,    rotundata. 
Pupa  umbilicata.  • 

„     muscoruiXL 

„     Venetzii. 
Olaucdlia  nigricans. 
Zua  lubrica. 
Limn»us  troncatulus. 
ConoYulus  bidentatus. 
Garychium  miniTttiitri. 
Murex  erinaceus. 
Nassa  reticulata. 

„     incrassata. 

„     pygmeea. 
Purpura  lapillus. 
Mangelia  nebula. 
„         costata. 
„         rufa. 
,,         linearis. 
yy        atteniiata. 
„        turricula. 
Cjprsea  Europ»a. 
Lamellaria  perspicua. 
Otina  Otis. 
Genthiopsis  tuberciilaris. 


Paguros  Prideauxii. 

„       Cuanensis. 

,,       IsBvis. 
Porcellana  platycheles. 

,,  longicomis. 

Galathea  squamifera. 
Crangon  vulgaris. 
Palaemon  serratus. 
Ligia  oceanica. 
MoUuica. 

Trochus  cinerarius. 

„        magus. 

„        Montagui. 

„        umbilicatus. 

,,        zizyphinus. 
Phasianella  pullus. 
lanthina  exigua. 

,,         communis. 
Puncturella  Noaohina. 
Fissurella  reticulata. 
Aomsea  viiginea. 
Patella  vulgata. 
„       athletica. 
,,       pellucida. 
Dentalium  entale. 
Cyliclma  cylindracea. 

„       truncata. 
Pleurobranchus  pltiiLmtQa. 
Spinalis  Flemingii. 
Anomia  aculeata. 

„      ephippium. 
Pecten  maximus. 
„      opercularis. 
„      varius. 
Lima  Loscombii. 

„     subaurioulata. 
Mytilus  edulis 
Area  tetragona. 
Pectunculus  glycimeris. 
Nucula  nucleus. 
Cardium  eohinstUm. 


208 


Chemnitzia  elegantiBsima. 
Eulima  distorta. 
Cerithium  reticulatum. 

„         adversum. 
Turritella  oommuniB. 
Coecum  glabrum. 
Sca]aria  communis. 
Skenea  planorfois. 

„       rota. 
RisBoa  cmgi11u& 

„      labiosa. 

„       inconspioua. 

ff      parva. 

,,      punotura. 

„       rubra. 

„      striata. 

,    „         ulvfiB. 

Lacuna  vincta. 

„      puteolus. 

„      pallidula. 
Litorina  litoralis. 

„       litorea. 

,y       neritoides. 

,,       rudis. 

„       saxatilis. 


Cardium  fasciatum* 
„        Norvegicum. 

'„        pygmsBum. 
Lucina  borealis. 
Kellia  suborbicularis. 
Turtonia  minuta. 
Montacuta  ferruginosa. 
Venus  casina. 

,,      fasciata. 

„      ovata. 

yf      stnatula. 

„      verrucoBa. 
Artemis  exoleta. 

„      lincta. 
Tapes  aurea. 

„      virginea. 
Lutraria  elliptica. 
Tellina  donacina. 
Syndosmja  alba. 
Saxicava  rugosa. 

,,  „       yar.  arctioa. 

Lyonsia  Norvegica. 


ADDITIONAL  LIST 
Qastrochcena  modiolina. 
Thracia  convexa  (valve.) 

„       distorta  (living.) 
Solen  siliqua. 
Solecurtus  candidus. 
Psammobia  vespertina. 
„  ferroensis. 

Tellina  crassa. 

„      tenuis. 

,,      solidula. 
Mactra  solida. 
Tapes  decussata. 
Circe  minima  (living.) 
Lucina  flexuosa. 


OF  DREDGED  SHELLS. 
Modiola  modiolus. 
Crenella  marmorata. 
Area  tetragona  (living.) 
Anomia  patelliformis. 
Chiton  discrepans. 

„       asellus. 

„       cinerarius. 

y,       cancellatus. 
Emai^ula  reticulata. 
«    Trochus  lineatus. 
Rissoa  BeaniL 
Buccinum  undatum. 
Philine  aperta. 

>,       catena. 
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PROCEEDINGS 

THE  LITERARY  AND  PHILOSOPHICAL 
SOCIETY. 


Ordinary  Meeting,  October  3rd,  1866. . 

Edwabd  Schunck,  Ph.D.,  F.R.S#,  &c.,  Vice-President,  in 

the  Chair. 

Dr.  RoscoE  exhibited  an  enlarged  photograph  of  the 
moon,  21  inches  in  diameter,  taken  by  Mr.  L.  M.  Ruther- 
ford, of  New  York,  on  the  6th  of  March  last.  Mr.  Brothers, 
Mr.  Vernon,  and  other  members,  pronounced  it  to  be  the 
best  lunar  photograph  they  had  seen,  and  decidedly  superior 
to  any  yet  produced  in  this  country. 

Mr.  Dybr,  referring  to  the  breaking  of  the  Atlantic  Cable, 
expressed  his  surprise  that  no  apparatus  had  been  provided 
to  seize  and  secure  the  end  of  the  cable  when  the  rupture 
took  place,  as  contrivances  for  a  similar  purpose  were  in  use 
in  almost  every  cotton  mill. 

A  paper  was  read  "  On  the  Internal  Heat  of  the  Earth  as 
a  Source  of  Motive  Power/'   by  Mr.  Gborgb  Gbbaves, 
M.R.C.S. 
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It  has  been  very  generally  admitted  that  coal  will  not 
cease  to  be  furnished  because  of  the  exhaustion  of  the  stores 
of  the  mineral  now  existing  in  the  coal  measures ;  and  fur- 
ther,  that  the  obstacles  to  the  continued  working  of  the 
mines  will  not  be  engineering  difficulties.  The  increased 
depth  from  which  the  coal  will  have  to  be  brought  may  add 
to  the  cost,  but  at  that  increased  cost  it  will  still  be  for  a  long 
time  obtainable.  The  author  considered  the  real  insur- 
mountable obstacle  to  be  the  high  temperature  of  the  lower 
portions  of  the  carboniferous  strata.  That  temperature  had 
been  shown  to  be  at  a  depth  of  4,000  feet  at  least  120°  Fahr., 
a  degree  of  heat  in  which  human  beings  cannot  exist  for  any 
length  of  time,  much  less  use  any  exertion.  It  had  occurred 
to  the  author  to  inquire  whether  the  very  agency  which  will 
prevent  the  continued  supply  of  fossil  fuel  might  not  be  made 
the  means  of  rendering  that  supply  unnecessary — ^whether, 
in  short,  the  internal  heat  of  the  earth  might  not  to  some 
extent  be  utilised.  One  or  two  modes  of  doing  this  had  pre- 
sented themselves  to  his  mind.  One  of  these  might,  he  con- 
ceived, be  the  direct  production  of  steam  power  by  bringing 
a  supply  of  water  from  the  surface  in  contact  with  the  heated 
strata  by  means  of  artesian  borings  or  otherwise. 

Mr.  W.  L.  Dickinson  read  the  following  note  on  the 
eclipse  of  the  sun  which  will  take  place  on  the  19th  instant : 

Calculation  for  Manchester  (Royal  Infirmary),  Lat.  N. 
68°  2y,  Long.  W.  2°  14'. 

At  Manchester  a  partial  eclipse  is  partly  visible,  and 

h.     m.    8. 

Begins  October  19th— 4    8  12 

Greatest  phase  ...October  19th — 6    4    2 
Greenwich  mean  time. 

At  Manchester  the  sun  will  set  at  5h.  2m.  Greenwich 
mean  time. 


Magnitude  of  the  eclipse  (sun's  diameter  =  1)  0*298,  on 
the  sun's  southern  limb. 

Angle,  from  north  pole,  of  first  contact  120°)  towards  the 

Angle,  from  vertex,   of  first  contact    163°)       west 
for  direct  image. 

The  situation  of  the  point  of  first  contact  may  be  familiarly 
illustrated  in  the  following  manner.  If  we  suppose  a  Victoria 
shilling  to  represent  the  sun,  the  moon  will  appear  first  to 
touch  it  on  the  right  side  near  the  bottom,  at  the  letter  D. 


PHOTOaBAPmOAL  SECTION. 
October  5th,  1865. 

J.  P.  Joule,  LL.D.,  F.R.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

•  Messrs.  Cootb  and  Bogbkson  exhibited  a  series  of  very 
fine  pantascopic  photographs  of  scenes  in  Switzerland,  taken 
by  M.  Adolphe  Braun,  of  Domach.  Each  picture  was  about 
twenty-one  inches  in  length,  and  the  angle  of  view  was 
stated  to  be  one  hundred  and  twenty  degrees. 

Mr.  A.  Brothers,  F.B.  A.S.,  exhibited  an  interesting  series 
of  photographs,  taken  during  the  eclipse  of  the  moon,  on 
the  evening  of  Wednesday,  October  4th.  Commencing 
at  8.45,  when  the  moon  was  nearly  frdl,  the  negatives,  twenty 
in  number,  were  taken  at  intervals  of  about  12  minutes 
until  12.45,  and  they  show  the  progress  of  the  eclipse 
throughout.  The  effect  of  the  penumbral  shadow  of  the 
earth  is  distinctly  visible  on  the  n^ative  taken  at  9.15,  and  also 
on  the  one  taken  at  12.32.  An  attempt  was  made  during  the 
middle  of  the  eclipse  to  obtain  the  photographic  image  of  the 
entire  surfiu^  of  the  moon ;  but  Jit  was  found  that  the  portion 


covered  by  the  earth*8  shadow  had  no  efiFect  on  the  plate  after 
an  exposure  of  15  seconds,  although  distinctly  visible  in  the 
telescope.  It  was  noticed  that  the  southern  limb  of  the 
moon  showed  -  the  copper-coloured  tint  often  seen  during 
total  lunar  eclipses^  and  to  this  cause  may  be  attributed  the 
non-actinic  effect  on  the  sensitized  plate.  An  exposure  of 
about  one  or  two  tenths  of  a  second  gave  the  fully  illuminated 
surface  of  the  moon  perfectly,  but  the  parts  covered  by  the 
penumbra  were  not  defined,  while  an  exposure  of  three 
seconds  gave  the  outline  of  the;  earth's  shadow  with  great 
distinctness,  and  an  exposure  of  two  seconds  brought  out 
some  of  the  detail  within  the  penumbra,  ^me  of  the 
negatives  were  obtained  almost  instantaneously. 

The  telescope  with  which  these  pictures  ol  the  moon  were 
taken  is  an  equatorial  of  5  inches  aperture  and  6  feet  focal 
length,  driven  by  clockwork.  This  telescope  gives  the  image 
of  the  moon  about  Hths  of  an  inch  in  diameter,  but  by 
using  a  Baifbw^s  lens  this  size  is  increased  to  1  ^  inch,  and 
with  this  addition  the  eighteenth  negative  of  the  series  w^ 
obtained  in  two  seconds. 

Dr.  JouLB,  F.R.S.,  exhibited  and  explained  the  construc- 
tion of  a  camera  which  he  had  contrived  for  outdoor  work 
without  a  tent. 

In  this  camera  the  operation  was  carried  on  by  the  succes- 
sive introduction  of  the  sensitizing  and  developing  baths,  the 
mode  of  the  application  of  the  baths  being  similar  to  that 
already  described  by  the  author.  By  a  special  arrangement 
the  holders  of  the  plate  are  preserved  from  contact  with  the 
developing  solution. 


Ordinary  Meetings  October  1 7th,  1866. 

E.  W.  BiNNBY,  F.B.So  F.G.S.,  &c.,  Vice-President,  in 
the  Chair. 

Mr.  Forrest  stated  that  h^  had  in  his  possession  a  very, 
extensive  collection  of  Shakespeare  memorials,  which    he 
would  gladly  allow  any 'member  of  the  Society  to  inspect. 

A  paper  was  read  entitled  *'  Notes  on  the  Origin  of  several 
Mechanical  Inventions,  and  their  subsequent  application  to 
different  purposes,'*  by  J.  C.  Dyer,  V.P. 

Ist. — Lace  McMng  M<uihine. 

The  bobbin  net  trade  at  Nottingham  had  been  carried  on 
by  women  working  on  cushions  or  lace  frames  until  about 
the  beginning  of  this  century,  when  the  process  was  super- 
seded by  the  lace  making  machine,  invented  by  the  late  Mr. 
John  Heathcoat,  M.P.  Mr.  Heathcoat  commenced  his  ex- 
periments by  stretching  common  packing  threads  across  his 
room  for  the  warp^  and  then  passing,  by  common  plyers,  the 
weft  threads  between  the  cords,  delivering  them  iiito  other 
plyers  on  the  opposite  side,  and  then,  after  giving  them  a 
sideways  motion,  repassing  the  threads  back  between  the 
next  adjohiing  cords,  and  thus  effecting  the  intersecting  or 
tying  of  the  meshes  in  the  same  way  as  they  were  formed  on 
the  cushions  worked  by  hand.  His  next  step  was  to  provide 
thin  metallic  discs  to  be  used  as  ^'  bobbins  "  for  conducting 
the  thread  back  and  forth  through  the  warp.  These  discs 
being  arranged  in  carrier  frames,  placed  on  each  side  of  the 
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warps,  were  moved  by  suitable  machinery  so  as  to  conduct 
the  threads  from  side  to  side  to  form  the  lace.  The  limita 
of  this  abstract  do  not  allow  any  detailed  description  of  Mr. 
Heathcoat's  beautiful  invention ;  its  effect,  however^  in  super- 
seding the  hand  work  appears  to  have  led  to  the  Nottingham 
riots  and  the  lace  frame  breaking,  ^hich  took  place  about 
fi^  years  ages  when  Mr.  Heathcoat  vemoirad  to  Tiverton  in 
Devonshire,  where  the  patent  lace  making  was  re-established, 
and  has  been  since  carried  on  upon  a  large  scale,  and  has 
thus  proved  «a  eminently  sucifessful  invention. 

The  new  principle  of  action  conceived  by  Mr.  Heathcoat 
was  that  of  passing  the  threads  of  the  weft  through  those  of 
the  warp  and  delivering  them  into  conductors  on  the  other 
side,  to  be  repassed  and  delivered  into  the  former  conductors 
under  mechanical  control  in  place  of  hand  working.  He  suc- 
ceeded in  working  out  this  principle  with  marvellous  perse- 
verance and  success,  and  this  original  conception  of  Mr. 
Heathcoat  opened  a.  aew  vista  toother  emitient  niechanics, 
which  led  to  the  invention  of  many  other  valuable  machines 
for  widely  different  purposes,  among  which  may  be  named 
that  for  passing  back  and  forth  the  threads  through  fabrics 
for  embroidering,  as  now  exhibited  in  the  beautiful  machines 
for  embroidering  or  ornamenting  fabrics  in  the  vrorks  «f 
Messrs.  Houldsworth.  On  the  same  principle  is  also  based 
the  cotton  combing  process  now  employed  for  separating 
the  short  and  coarse  from  the  long  staples  in  fine  cotton 
carding. 

2nd. —  Wire  Card  Making  Maehine. 

About  the  beginning  of  this  century  Mr.  Amos  Whitimore, 
of  Boston,  commenced  his  experiments  for  making  cards  by 
machinery.  His  first  step  was  to  examine  the  movements 
required  to  form  and  set  card  teeth  for  hand  carding.  He 
was  for  a  long  time  engaged  with  trial  machines,  and 
ultimately  succeeded  in  performing  the  operations  for  making 


and  fietliiig  tte  card  teeth  by  movements  efl^ted  by  eooea- 
trics  on  a  drivinpf  shaft,  viz.  (1)  feeding  the  wire,  (2)  hold- 
ing it,  (3)  cutting  off  and  (4)  bending  the  wires  into  staples, 
(5)  piercing  holes  in  the  leather,  (6)  passing  the  staples 
through  it,  (7)  pressing  their  crowns  to  the  sheet,  (8)  crook- 
ing the  teeth  to  the  knee  bend,  and  (9)  advancing  the  leather 
to  receive  the  next  row  of  teeth.  These  complex  and  curious 
motions  were  effected  by  a  series  of  cams  or  eccentric  pieces 
fixed  on  the  shaft  and  turned  by  a  winch ;  therefore  the 
invention  of  making  wire  cards  by  machinery  was  accom- 
plished by  Amos  Whitimore,  but  it  was  many  years  thereafter 
before  his  machine  could  be  made  profitable  in  competing 
with  the  hand  card  makers. 

The  final  development  of  this  invention  is  explained  at 
large  in  the  paper,  but  cannot  be  given  in  this  abstract.  In 
this  machine,  as  in  that  of  Mr.  Heathcoat's,  a  new  principle 
of  action  was  adopted  to  produce  and  govern  the  movements 
for  making  wire  cards,  viz.,  that  of  eccentric  curves  revolving 
on  a  driving  shaft  and  guiding  the  motions  of  the  traversing 
parts  of  the  machines  in  their  due  order  of  succession  for 
making  and  setting  the  card  teeth  as  before  stated.  This 
application  of  curvilinear  projections  or  cam  pieces  has  since 
been  extensively  employed  for  giving  intricate  motions  in 
many  other  machines  invented  during  the  last  fifty  years. 
Whence  it  appears  that  both  Mr.  Heathcoat  and  Mr.  Whiti- 
more became  pioneers  and  guides  to  other  able  mechanicians 
in  their  several  labours  for  the  advance  of  mechanical  science. 

Among  the  inventions  based  upon  that  of  the  carding 
machine  may  be  mentioned  the  machine  for  making  the  eyes 
or  shanks  of  metal  buttons,  the  machine  for  making  wire 
reeds  for  weaving,  and  that  for  making  pins.  But  without 
dwelling  on  other  instances,  it  will  suffice  to  say  that  the 
success  of  the  lace  machine  and  that  of  the  wire  card 
machine  serve  to  spread  the  seeds  of  knowledge  in  prac- 
tical mechanics,  the  germs  of  which,  half  a  century  ago,  were 
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widely  cast  forth  from  the  fertile  geniuses  of  John  Heathcoat 
and  Amos  Whitimore.  • 

Srd. — Cutting  Furs  from  Pelt. 

In  the  year  1810  a  model  fur  cutting  machine  was  sent  to 
me  in  London  hy  a  company  in  Boston,  to  be  patented  in 
England.  It  was  stated  to  be  the  invention  of  a  Mr.  Bellows, 
who  was  unknown  to  me.  The  machine  was  adapted  for 
shearing  fibres  from  surfaces  by  the  action  of  spiral  cutters 
revolving  and  acting  against  a  fixed  straight  cutter,  so  as  to 
shear  or  cut  fibres  from  the  surfaces  to  which  they  are 
attached.  I  had  a  machine  made  and  put  into  operation  at 
a  hat  manufactory  in  the  Borough ;  but  the  workpeople 
opposed  its  being  used,  which  discouraged  further  attempts 
to  bring  it  into  use  in  that  trade.  The  principle  of  it,  how- 
ever, was  soon  after  patented  for  chopping  straw,  roots,  &c., 
for  which  it  was  found  valuable.  Two  or  three  patents  were 
afterwards  taken  out  for  shearing  the  nap  from  cloth  by  the 
same  action  of  spiral  cutters  revolving  against  a  straight 
fixed  edge,  and  many  others  have  since  appeared  on  the 
same  principle,  among  which  is  that  for  mowing  lawns. 


PHYSICAL  AND  MATHEMATICAL  SECTION. 

October  12th,  1865. 

RoBBRT  WoETHiNGTON,  F.R.A.S.,  Vice-Prcsideiit  of  the 
SectioD,  in  the  C^air. 

Mr.  Dancbr,  F.R.A.S.,  exhibited  a  small  and  cheap,  but 
very  effective  induction  coil,  and  a  set  of  four  Geissler's  tubes, 
in  which  the  stratification  of  the  electrical  light  was  very  dis- 
tinctly shown  when  a  small  battery  of  only  one  pair  of 
elements  was  employed  to  produce  the  primary  current. 

Mr.  Brothbrs,  F.B.A.S.9  exhibited  a  beautiful  series  of 
enlarged  photographs  of  the  moon  from  negatives  taken 
during  the  progress  of  the  lunar  eclipse  on  the  night  of  the 
4th  instant  (see  ante,  page  8). 

Mr.  Dancer  stated,  with  reference  to  the  eclipse,  that  he 
and  his  son,  Mr.  James  Dancer,  had  noticed  some  irregu- 
larities on  the  border  of  the  earth's  shadow  which,  as  they 
maintained  their  forms  and  relative  positions  whilst  the 
shadow  passed  over  the  moon's  disc,  could  not,  he  thought, 
be  due  to  differences  in  the  reflective  power  of  different  por- 
tions of  the  moon's  surface. 

Mr.  Baxbndbll  suggested  that  these  irregularities  might 
be  owing  to  the  prevalence  of  extended  masses  of  clouds  in 
certain  portions  of  the  earth's  atmosphere  and  their  absence 
in  others. 

The  following  table  of  rainfall  at  Eccles  for  lfi64,  was 
communicated  to  the  Section  by  G.  V.  Ybrnon,  F.R.A.S., 
at  a  meeting  held  April  18th,  1866 : — 
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RAINFALL  AT  ECCLES,  NEAR  MANCHESTER,  FOR  1864. 
Bt  Thomas  Maokbhete,  F.B.A.S.,  M.B.M^. 

Bain  gauge  8  feet  abore  the  ground,  112  feet  abore  the  aea. 


^ 

lUlof 
Bain  in 

FaUof%an 

Areram 
PallofBiibi 

Diftennoe 

IXfltettnoe 
from 

Bain 

Inohes 

for  71  yeaM 

trcun 

nyeart'fiUl 

Fan. 
1801 

for 
1864. 

for  4  jean 
atSodML 

at 

4yean'ftUl 
MEodea. 

at 
Manebeat^r 

15 

1-725 

2196 

2*460 

-  -471 

—  -736 

Januaiy. 

18 

3160 

1-8^7 

2-379 

+1-273 

+  -781 

February. 

15 

2-375 

3-144 

2-310 

—  -769 

+   065 

March. 

12 

1-722 

1-977 

2H)88 

—  -256 

—  -316 

ApriL 
May. 

11 

2-982 

2-325 

2-351 

+  -657 

+  -631 

20 

2-878 

3-390 

2-913 

—  -512 

—  -085 

June. 

10 

2-280 

2-917 

8-669 

-  -637 

—1-289 

July. 

16 

2-462 

2-959 

3-592 

--497 

—1-130 

August 

81 

4-075 

5-311 

8*286 

—1-286 

+  -840 

Sei^mber. 

13 

1-910 

3-382 

8-818 

—1-472 

—1-908 

October. 

18 

8-299 

8104 

3-473 

+    195 

-•174 

NoTcmber. 

17 

2006 

2-815 

8-260 

—  -809 

-1-254 

December. 

180 

80*874 

86-407 

86-396 

—4-538 

—4-524 

TotaL 

Jan. 

) 

Feb. 

f  7-260 

7-227 

7149 

+  -03S 

+  -m 

Mar. 

) 

^? 

]  7-682 

7-692 

7-802 

—   110 

+  -280 

June 
July 
Aug. 

5 

^8-817 

11-187 

10-396 

—2-870 

-1-679 

Sept 

) 

Oct 

-) 

IfOT. 

f  7*216 

9-801 

I0.5t^ 

— 2H)86 

— 8-886 

Dec 

.) 

The  above  table  shows  that  the  rainfall  of  1864  was  4]^ 
inches  below  the  average  fall  at  Manchester  for  71  years> 
and  the  average  fall  at  Eccles  for  four  years.  Both  averages 
appear  to  show  that  the  largest  rainfall^  in  this  district,  takes 
place  from  July  to  December,  which  is  also,  to  some  extent^ 
confirmed  by  the  rainfall  of  last  year,  though  there  was  so 
great  a  deficiency  in  the  summer  and  autumn  months. 
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Ordinary  Meetings  October  31st^  1865. 

B.  Ajtgus  Smith,  Ph.D.,  F.R.S.,  &c.>  Preudont,  in  the 

Chair* 

The  following  communication  from  Sir  J.  F.  W.  Herschel^ 
Bart.^  M.A.,  D.C.L.,  F.R.S.,  &c.,  Honorary  Member  of  the 
Society,  was  read  by  Mr.  Baxendell : — 

CoUingwood,  October  18, 1865. 

In  the  printed  proceedings  of  the  ordinary  meeting  of  the 
society  ou  the  3rd  inst.,  I  observe  a  notice  of  a  paper  by 
Mr.  Greaves,  "  On  the  Internal  Heat  of  the  Earth  as  a  Mo- 
tive Power,"  in  which  the  high  temperature  of  the  carboni- 
ferous strata,  at  the  depth  of  4,000  feet  (120""  Fahr.)  is  spoken 
of  as  likely  to  oppose  an  insuperable  obstacle  to  the  extraction 
of  coal  from  that  depth.  On  reading  this  it  occurred  to  me 
that  by  employing  condensed  air,  conveyed  through  conduct- 
ing pipes,  as  a  mode  of  working  machinery  at  that  depth — 
provided  the  air  immediately  on  its  condensation,  and  before 
its  introduction  into  the  pit,  were  drained  of  the  heat  developed 
in  the  act  of  condensation  by  leading  it,  in  pipes  exposing  a 
large  exterujil  surface,  through  a  sufficiently  large  supply  of 
cold  water  (or  in  winter  time  of  snow)  —  the  workings  below 
might  be  sufficiently  reduced  in  temperature  by  the  re-expan- 
sion of  the  air  on  its  escape,  when  given  out  below  in  the  act 
of  working  the  machinery,  to  admit  of  workmen  remaining 
there  in  comfort ;  at  the  same  time  that  ventilation  would  be 
supplied. 

If  you  think  that  this  suggestion  would  be  worthy  the  notice 
of  the  author  of  the  paper  referred  to,  or  of  those  members  of 
the  society  who  may  have  been  present  at  its  reading,  or  in 
Pboooddi€HI— Lit.  &  Phil.  Sooibtt.— Tol.  Y.—No.  8— Smsion  1866-6. 
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any  other  waj  available,  it  is  quite  at  your  service  for  that 
purpose. 

P.8. — ^Water  at  120**  Fahr  ,  or  even  much  higher,  would, 
I  fear,  afford  but  an  inefficient  moving  power  unless  some 
means  could  be  devised  (without  the  e^ipense  of  more  power 
than  the  gain  expected)  of  concentrating  the  heat  of  a  laige 
quantity  of  warm  water  into  a  smaUer*  This  might  perhaps 
be  done  through  the  intervention  of  air  alternately  rarefied 
and  condensed* 

Mr.  BiNNBT,  F.R.S.,  F.6.S.,  said  that  at  the  present  time 
little  is  known  as  to  the  difficulties  we  should  experience  in 
working  coal  mines  at  a  depth  of  4,000  feet  from  the  surface. 
The  exact  increase  of  temperature  in  deep  mines  is  not  by  any 
means  well  ascertained.  All  we  can  say  is  that  no  great  diffi- 
culties have  been  found  in  working  at  a  depth  of  2,100  feet. 
It  must  always  be  borne  in  mind  that  the  deeper  a  mine  is  the 
greater  will  be  the  natural  ventilation,  that  is  the  current 
caused  by  the  air  of  the  mine,  at  say  a  temperature  of 
80**  Fahr.,  ascending  the  upcast  shaft,  while  the  air  at  the 
surface,  of  40%  descends  by  the  downcast  shaft.  No  doubt  a 
mine  might  be  cooled  by  the  expansion  of  compressed  air, 
but  it  could  not,  so  far  as  at  present  known,  be  done  econo- 
mically. In  most  deep  mines  a  considerable  cooling  of  the 
air  takes  place  by  the  expansion  of  the  compressed  gas  (light 
carburetted  hydrogen)  as  it  escapes  from  the  coal,  where  it 
has  been  long  imprisoned  under  great  pressure ;  and  this  has 
not  always  been  allowed  for  by  observers  of  temperature  in 
such  places.  In  newly-opened  mines  this  pent-up  gas  forces 
off  large  pieces  from  the  face  of  the  coal,  and  it  sometimes 
makes  a  noise  like  water  rushing  over  a  weir.  In  sinking  a 
deep  shaft  at  Wigan  some  years  since  the  compressed  gas 
in  the  coal  forced*  up  about  four  yards  of  strong  bind  and 
made  its  way  through  it  into  the  shaft.  The  rising  of  the 
roof  of  the  coal  as  the  shaft  approaches  it  is  well  known  to 
sinkers  in  deep  and  newly-opened  coal  fields. 
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Mr.  Edward  Hull,  F.G.S.,  exhibited  some  etchings  of 
caves,  fissures,  and  isolated  rocks  on  the  coast  of  Cantyre, 
intended  to  illustrate  three  classes  of  phenomena  belonging 
to  the  raised  beach  and  coast,  known  as  **  the  30-feet  beach," 
from  the  fact  that  its  mean  elevation  is  about  30  feet  above 
the  present  tides.  This  raised  beach  has  been  described  by 
several  authors,  from  Mr.  Smith,  of  Jordan  Hill  (1836), 
downwards,  and  is  part  of  the  same  beach  which  has  been 
traced  all  along  the  western  coast  of  Scotland,  and  the 
vestiges  of  which  remain  in  a  state  of  remarkable  freshness 
to  the  present  day. 

Mr.  T.  Hbelis,  F.R.  A.S.,  called  attention  to  the  proceedings 
of  a  scientific  commission  recently  issued  by  his  Highness  the 
Viceroy  of  Egypt,  who  had  succeeded  in  finding  a  tertiary 
coal  basin  in  the  valleys  between  Mount  Olympus  and  the 
Bay  of  Oraniska,  in  the  Gulf  of  Salonica,  and  also  on  the 
mainland  of  Asia  Minor,  near  the  Island  of  Samos;  and 
mentioned  some  particulars  of  the  coal  there  found,  such  as 
its  specific  gravity,  in  which  it  slightly  exceeds  the  ordinary 
coal  of  the  coal  measures,  and  the  results  of  experiments  upon 
its  combustion,  which  give  twenty  per  cent  of  ash. 

A  paper  **  On  Coresolvents.**  by  the  Honourable  Chief 
Justice  Cockle,  M.A.,  &g..  President  of  the  Queensland 
Philosophical  Society,  was  communicated  by  the  Rev. 
BobbrtHarlby,  F.R.S.,  &c. 

Whatever  function  X  may  be  of  x  equation  (8)  of  my  last 
paper  {Proceedings^  vol.  IV.,  pp.  87 — 40),  is  reducible  to  an 
equation  with  constant  coefficients  by  changing  the  inde- 
pendent variable  as  indicated  at  p.  88  (ibtd.)^  and  the  order 
of  the  symbolical  factors  of  (3)  is  always  indifferent. 

Mr.  Harley  gives 

3M2-ar)g  +  3'(l-*)g+y=l...(i) 
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as  the  differential  resolvent  of 

y»-V  +  2«  =  0 (u) 

The  sinister  of  this  resolvent  is  of  the  form  of  the  sinister  of 
(3)  of  my  last  paper,  and  the  symbolical  decomposition  of  (i) 
of  this  paper  is  (t  denoting  as  usual  ±  J^^) 

(3  J^^^^)^^i)(s M2^^^  -t)y-l (iii) 

and  the  resolvent  of  this  form  of  cubic,  like  that  of  the  other, 
is  soluble  by  change  of  the  independent  variable. 

The  evanescence  of  the  dexter  of  a  resolvent  does  not 
necessarily  indicate  that  all  its  algebraic  coresolvents  are 
wanting  in  their  second  term.     Thus,  for  instance, 

3«(l-*^g-8«*g  +  y=0 (rr) 

is  the  differentiiil  resolvent  not  only  of 

f»-3y  +  2«=0 (v) 

but  of  every  algebraical  equation  whose  roots  are  homoge- 
neous linear  functions  of  the  roots  of  (v),  that  is  to  say  of 
any  two  of  them,  for  any  root  of  (v)  is  such  a  function  of  the 
other  two.  Let  a,  /3,  and  y  be  roots  of  an  equation  whereof 
any  one  root  is  a  Knear  and  homogeneous  function  of  any 
two  other  roots.     Then  we  may  put 

y  =  ma  +  nfi (vi) 

and,  from  the  identities 

<"S-f)-(-*'^)S-(«f-4) 

and 

we  infer  that 

dy         da      ^f    dfi      ^da\ 

and 
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and  if  manxs  -  l>  we  have 

relations  which  must  be  satisfied  by  the  toots  of  (v)  ot  of  any 
eubic  whereof  the  coefflfcient  of  the  second  term  vanishes. 
(Compaq  art.  78  of  my  "Notes/*  &c.,  in  the  Messeng&r  of 
Mathematics  for  November,  1864.)  We  have,  indeed,  gene- 
rally 

("l-^S) 

a  relation  which  of  course  holds  when  we  replace  a  and  j3 
respectively  by  a  and  i,  two  independent  particular  integrals 
of  the  differential  resolvent. 

*<  OakwBl/*  near  BriBbaoe,  Queensland,  Ausiralk» 
August  1, 1865. 

Mr.  Baxbndbll  drew  attention  to  the  auroral  phenomena 
which  occurred  on  the  19th  and  26th  instant^  and  showed 
sketches  of  the  arches,  &c.,  taken  by  Mr.  B.  P.  Greg,  F.G.S*, 
at  Prestwich. 

Dr.  JouLB,  F.R.S.,  said  he  bad  observed  l^e  effect  of  the 
aurora  on  the  former  date,  on  his  sensitive  magnetic  needle. 
The  needle  was  violently  agitated,  as  many  as  86  changes  oi 
deflection,  varying  from  10^  to  T  40^  occurring  per  minute. 
The  cause  of  the  movements  seemed  to  be  instantaneous  in 
its  action.  It  was  remarked  that  when  the  beams  prepon- 
derated on  the  west  of  the  magnetic  north  the  needle  took  an 
easterly  direction. 

A  paper  was  read  entitled  ^^  Questions  regarding,  the  life 
History  of  the  Foraminifera,  suggested  by  Examinations  of 
their  Dead  Shells,"  by  Thomas  Alcocx,  M.D. 


16 

The  author  said  that  though  shore  sand  did  not  generally 
yield  specimens  in  sufficient  abundance  or  perfection  to  be 
worth  examination^  yet  here  and  there  very  rich  shore  deposits 
are  met  with^  and  these  ought  to  be  specially  noted  when 
observed,  both  because  of  the  exhaustless  supply  of  specimens 
they  afford  for  investigation,  and  the  peculiarity  of  circum- 
stances which  must  exist  at  these  places  to  cause  their  accu- 
mulation.    One  such  spot  is  at  Dogs  Bay^  Roundstone,  on 
the  coast  of  Galway,  where  a  great  part  of  the  shore  is 
entirely  composed   of  the  remains   of  various   microscopic 
creatures,  by  far  the  largest  proportion  consisting  of  shells  of 
Foraminifera.     Among  other  samples  of  sand  from  this  place 
a  very  interesting  one  had  been  supplied  by  Mr.  Parry,  who 
had  skimmed  the  material  from  the  surface  of  pools  left  by 
the  tide ;  it  consisted  entirely  of  fine  and  perfect  specimens 
of  the  lighter  kinds  of  Foraminifera,  broken  shells  and  the 
heavier  sorts  having  sunk  to  the  bottom.     This  naturally 
selected  sample  had  furnished  some  very  interesting  results 
by  supplying  abundance  of  certain  varieties  comparatively 
rare  in  the  rough  sand,  and  examinations  of  some  of  these 
had  led  to  the  suggestions  which  he  would  now  offer  as 
to  the  formation  of  the  shell  in  some  kinds  of  Monothala- 
mous  Foraminifera.     He  considered  in  the  first  place  that 
the  soft  body  of  the  Foraminifer  must  act  as  a  mould  upon 
which  the  shell  is  formed,  and  that  it  must  remain  still  and 
vnthout  change  of  shape  while  the  process  goes  on ;  therefore 
that   this,   so  far  as  the  foundation  layer  of  shell  is  con- 
cerned, will  be  a  single  act,  and  probably  one  requiring 
no  great  length  of  time.     But  if  the  shell  be  moulded  on  the 
surface  of  the  animal,  it  will  from  the  first  be  only  just  large 
enough  to  hold  it,  and  consequently  whatever  growth  after- 
wards takes  place  must  be  continued  outside  the  shell,  and 
must  constantly  increase  the  quantity  of  external  sarcode 
which  has  been  observed  coating  the  shells  of  living  Fora- 
minifera, and  which  according  to  this  view  must  be  looked 
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upon  as  more  than  the  mere  result  of  a  coalescence  of  the 
bases  of  the  Pseudopodia.  Orbulina  universa  and  Globi- 
gerina  bulloides  are  two  forms  found  in  great  abundance 
in  this  Dogs  Bay  sand ;  they  are  interesting  as*  being  the 
prevailing  shells  in  deep-sea  dredgings  and  also  as  always 
occurring  together,  a  fact  which  has  been  noticed  by  Pro- 
fessor Williamson,  who  has  long  entertained  the  belief  that 
there  is  some  yery  close  relationship  between  them.  The 
Orbulinae  are  found  of  very  different  sizes,  the  largest 
being  as  much  as  six  times  the  diameter  of  the  smallest, 
with  every  possible  intermediate  gradation ;  and  considering 
that  the  shell  can  only  be  made  of  the  exact  size  of  the  body 
on  which  it  is  moulded,  while  that  body  will  continue  to 
grow,  he  could  not  avoid  the  conclusion  that  in  this  case 
at  least,  as  often  as*  a  larger  shell  is  required,  the  animal 
must  withdraw  itself  entirely  from  the  old  one  and  cast  it  off. 
But  a  consequence  of  this  view  that  the  single-chambered 
Foraminifera  cast  their  shells  at  intervals  to  form  new  ones 
is  that  they  will  occasionally  be  freed  for  certain  periods  from 
the  restraint  of  the  shell,  and  be  in  a  condition  to  effect  that 
spontaneous  division  which  is  so  striking  a  feature  in  the 
Rhizopoda. 

There  are  other  specimens  of  Orbulina  found  occasion- 
ally in  the  Dogs  Bay  sand  which  have  a  very  special 
interest,  since  they  appear  to  show  most  clearly  that  Globi- 
gerina  is  merely  a  younger  state  of  this  species,^ — a  fact 
which  was  first  announced  by  Mr.  L.  F.  Pourtales,  (Ann. 
and  Mag.  Nat.  Hist.  1868),  illustrated  by  specimens  ob- 
tained from  dredgings  in  the  Gulf  Stream.  Dr.  Carpenter 
mentions  the  observations  but  expresses  doubt  as  to  their 
correctness.  The  Dogs  Bay  specimens  however  seem  to 
corroborate  them  most  fully,  for  they  show  the  perfect 
Globigerina  inside  the  sphere  of  the  Orbulina. 


18 


MI0&O8COPIOAL    SBCTION. 

October  lOth,  1865. 

A.  6.  Latham,  Esq.,  President  of  the  Seothm, 
in  the  Chair. 

This  heiag  the  ^r^t  Meeting  of  the  Se^sion^  the  President 
delivered  an  addreee  reviewing  the  past  proceedings  of  the 
Section^  and  referring  with  satisfaction  to  the  proposal  to 
extend  its  otgeets  to  scUgects  of  Natural  History  generally. 

Mr.  SiDBBOTHAM  foad  ^*  Notes  on  Adimtic  Soundings.'* 
He  said  that  in  the  unsucoeasful  attempt  made  to  raise  the 
AtUntio  Gable  after  k  had  ttnfortana,tdy  parted,  the  ropes 
and  grapnels  htougbt  up  from  the  bottom  small  portions  of 
oose  or  mud^  some  of  which  was  scraped  off  and  preserved, 
as  stated  at  the  time  in  the  newspapers.  Believing  that  a 
careful  examination  of  this  deposit  might  prove  of  con* 
sidevable  interest,  he  wrote  on  the  subject  to  Dr.  Fairbaim, 
who,  after  considerable  trouble,  obtained  for  him  a  fi^e 
sample,  mounted  specimens  of  which  he  now  presented 
for  the  cabinet  and  to  each  member  of  the  Section.  In 
appeaiance  the  deposit  resembles  dirty  chalk,  and  under 
the  miecoseope  reminds  one  much  of  the  chalk  from  Dover^ 
indeed  it  has  all  the  appearance  of  being  a  bed  of  chalk  in 
process  of  formation.  It  is  composed  entirely  of  organisms, 
dbiefty  in  fragments.  In  the  short  oxamination  he  had 
madet,  he  observed  several  forms  which  give  promise  of 
interesting  results,  and  he  thought  it  would  be  desirable  to 
frame  a  complete  list  of  the  species  found,  which  would  be 
best  accomplished  by  two  or  three  members  taking  temporary 
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possession  of  all  the  sUdes^  and  preparing  a  report  on  their 
united  observations.  The  sample  now  distributed  was  ob- 
tained at  Dr.  Fairbairn's  request  by  Mr.  Saward  from 
Mr.  Temple  one  of  the  Engineering  Staffs  who  states  that 
it  was  got  in  grappling  for  the  Cable,  August  11th,  1866, 
Lat.  6r  25'  15^  N.  Long.  88''  69^  W. 

Mr.  SiDEBOTHAM  aiso  read  the  following  "Notes  on 
Acberontia  atropos  '* : — 

The  Death's  Head  Moth,  which  was  in  former  times 
an  object  of  such  dread  that  the  appearance'  of  a  speci- 
men of  it  was,  like  a  comet,  considered  the  precursor  of 
some  dreadful  event,  appears  to  be  gradually  becoming 
more  common.  '  If  I  remember  rightly,  it  was  Stothard  the 
Artist  who  was  so  fortunate  as  to  capture  a  specimen  for 
his  collection  when  a  genuine  British  specimen  was  ex- 
ceedingly rare.  Even  in  my  recollection  a  guinea  or  two 
was  not  considered  too  much  to  pay  for  a  fine  example. 
This  season  the  insect  has  been  unusually  abundant,  at  least 
a  score  of  larvae  having  been  found  about  my  own  neighbour- 
hood. It  has  also  been  found  at  Bowdon,  Middleton,  Old- 
ham, Strines,  and  other  places  round  Manchester ;  in  Middle- 
ton  about  170  have  occurred.  Between  Lytham  and' Black- 
pool it  has  been  remarkably  dbmmon ;  among  those  I  obtained 
at  Lytham  was  a  very  remarkable  specimen,  of  which  I  made 
a  rough  drawing ;  it  was  so  unlike  the  usual  form  that  many 
who  saw  it  fancied  it  must  be  some  other  species,  but  the 
same  has  been  noticed  by  Stanton  as  occurring  now  and 
then,  and  Mr.  Harrison  ol^tained  another  somewhat  similar 
at  Bowdon.  My  specimen  is  still  in  the  pupa  state,  and  I 
shall  carefully  note  whether  or  not  the  moth  produced  varies 
from  the  usual  form. 

Dr.  Alcock  read  a  paper  entitled  "  Questions  regarding 


the  Lilb  Histoid  of  the  Foraminifera,  suggested  by  Exam- 
iilfttioiis  of  their  Dead  Shells." 

This  paper  was  afterwards  read  at  the  Ordinary  Meeting 
df  the  Society^  held  on  the  31st  October.     See  page  15. 

Dr.  Alcook  also  exhibited  specimens  of  Eozoon  Canadense, 
from  Canada^  and  also  from  Ireland,  lent  by  Mr.  H.  B.  Brady. 

Mr.  Symonds  Clark,  of  Adelaide,  South  Australia,  ex- 
hibited ti  series  of  skulls,  of  small  Marsupial  animals, 
beautifully  prepared  by  him;  also  the  skins  of  several  species. 

Mr.  SiDEBOTHAM  recorded  the  discovery  of  Apion  ononis, 
in  the  Isle  of  Anglesey,  a  species  of  Curculio,  which  he 
stated  to  be  new  to  Britain. 
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Ordinary  Meeting,  November  14th^  1865. 

R.  Angus  Smith.  Ph.D.,  F.R.S.,  &c..  President,  in  the 

Chair. 

Mr,  Charles  Bailey,  and  Mr.  Thomas  Barker,  M.A.,  Pro- 
fessor of  Mathematics,  Owens  College,  were  elected  Ordinary 
Members  of  the  Society. 

The  following  extract  of  a  letter  from  Thomas  Ainsworth, 
Esq.,  of  Cleator,  near  Whitehaven,  Corresponding  Member 
of  the  Society,  accompanying  a  copy  of  his  meteorological 
observations  for  October,  was  read  by  Mr.  Baxbndbll  : 

The  great  peculiarity  of  the  season  has  been  the  very  heavy 
dews  we  have  had — great  luxuriance  of  pasture  nourished  by 
dews  and  not  by  rain.  I  have  drawn  Professor  Simmond's 
attention  to  this  as  being  a  predisposing  cause  of  the  present 
cattle  disease.  Not  that  it  really  engenders  the  mala'dy,  but 
predisposes  the  animal  to  take  this  peculiar  type  of  disease — 
my  own  experience  from  the  readings  of  my  instruments 
some  twelve  or  fourteen  years  ago  having  shown  that  disease 
of  the  same  type  attacked  my  cattle  and  destroyed  them,  and 
each  time  when  the  high  temperature  of  the  day  and  the  low 
temperature  of  night  gave  us  such  heavy  dews  as  to  render 
the  herbage  quite  indigestible. 

Mr.  Baxbndell  considered  it  very  probable  that  cattle 
would  be  injuriously  affected  by  feeding  on  herbage  which 
had  not  been  well  washed  by  occasional  showers  of  rain. 
Dew  had  little  or  no  washing  effect,  and  it  could  not  remove 
PBO0ta>nro«— Lrr.  A  Phil.  Sooibtt.— Vol.  V.— No.  4— Sxsbxon  186<^. 
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the  impurities  which  were  deposited  upon  the  leaves  of  plants 
during  long  periods  of  dry  weather.  The  cattle  plague  is 
said  to  have  had  its  origin  in  Central  Asia,  and  in  this  region 
there  is  very  little  rain,  and  the  daily  range  of  temperature 
is  very  gre^t.  The  herbage  is  therefore  seldom  well  washed, 
and  moreover,  the  cattle  that  fbed  upon  it  are  exposed  to 
frequent  and  violent  changes  of  temperature.  We  have  no 
report  of  apy  cattle  pla^e  hfsaking  out  among  the  herds 
on  the  pampas  of  South  America,  where  rain  falls  more 
abundantly  and  the  changes  of  temperature  are  much  less 
violent. 

The  Pbesidbnt  said  that  the  idea  of  deriving  the  cattle 
plague  or  any  similar  epidemic  from  the  organic  matter 
brought  down  by  dew  was  at  least  in  harmony  with  much 
that  we  had  learnt.  The  dews  and  fogs  of  evening  over 
certain  lands  were  known  to  produce  colds,  agues,  or  fevers 
which  could  be  avoided  by  rising  to  a  certain  height  from  the 
ground.  There  seems  little  doubt  that  the  moisture  in  such 
cases  is  not  the  cause  of  disease,  but  only  the  means  of  con- 
veyance. These  diseases  were  produced  by  breathing  the 
impure  air.  We  know  less  of  the  effect  when  the  matter  is 
condensed  and  conveyed  into  the  stomach,  but  the  effect  of 
impure  water  made  this  use  of  it  also  suspicious.  He  was 
not  aware  that  it  could  be  shown  that  in  aggravated  cases 
another  class  of  disease  might  not  be  produced.  In  Man- 
chester we  can  see  the  accumulation  of  matter  taking  place 
in  the  fog  to  such  an  extent  that  it  lies  like  a  cap  over  the 
whole  town,  and  so  increases  that  every  sense  is  affected, 
whilst  the  lungs  and  eyes  suffer  severely.  The  matter  in 
solution  in  this  case  is  not  putrefactive,  although  injurious, 
or  it  would  probably  sweep  us  off  instantly.  Probably  no 
accumulation  of  putrefactive  matter  equal  in  amount  ever 
occurred  in  the  natural  atmosphere.  It  illustrates,  however, 
the  mode  by  which  the  emanations  of  the  soil  are  collected 
in  the  atmosphere  and  presented  in  a  concentrated  form  for 
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us  to  breathe.  He  had  for  many  weeks  collected  dew  on  a 
grass  lawn  in  a  garden,  and  from  it  had  obtained  organic 
matters  unquestionably  coUected  from  surrounding  objects,  as 
it  was  known  on  one  occasion  to  smell  of  flowers*  tf  this 
entered  into  putrefaction  it  would  of  course  be  unwholesome, 
but  wliat  kind  of  disturbance  of  health  it  would  cause  it  must 
be  for  others  to  find.  The  evening  air  of  a  rainy  country 
like  this  is  less  dangerous  than  that  of  some  other  climates 
where  there  is  more  both  evaporated  and  condensed^  and 
neither  wind  nor  rain  to  remove  it.  Notwithstanding  thisi  he 
believed  that  more  than  the  dew  was  required,  especially  in 
northern  climes. 

The  Presidbnt  also  said,  that  when  sitting  in  a  railway 
carriage  with  his  firiend,  Mr.  James  Young,  of  Bathgate,  that 
gentleman  observed  that  the  particles  of  dust  which  floated 
in  the  air  seemed  to  shine  with  a  metallic  lustre.  Dr.  S. 
immediately  collected  some,  and  found  that  the  larger  class 
were  in  reality  rolled  plates  of  iron  which  seemed  to  have 
been  heavily  pressed  and  torn  up  from  the  surface.  Another 
and  smaller  class  were  less  brilliant,  and  when  looked  at  with 
a  considerable  power  shewed  many  inequalities  of  surface 
which  would  be  interesting  to  study.  Probably  these  were 
the  particles  which  were  not  torn  up  but  rubbed  off.  The 
dust  enters  the  mouth  and  lungs,  and  has  to  be  taken 
as  one  of  the  evils  of  railway  travelling,  although  we  do 
not  know  that  these  small  particles  are  worse  than  those 
of  sand.  At  any  rate,  it  is  clear  that  some  kind  of  iron  will 
wear  down  more  readily  than  others,  and  we  ought  to  have 
that  which  will  wear  down  least.  By  observing  what  takes 
place  in  the  carriages  on  a  dusty  day,  every  man  may  to  some 
extent  compare  the  iron  of  different  railways.  Those  which 
give  off  the  largest  pieces  in  greatest  quantities,  are  to  that 
extent  the  worst,  as  regards  health* 
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A  paper  was  read  entitled  ''An  Attempt  to  refer  some 
Phenomena  attending  the  Emission  of  Light  to  Mechanical 
Principles,"  by  R.  B.  Clifton,  M.A.,  Professor  of  Natural 
Philosophy  in  Owens  College. 

The  author  attempted  to  show,  by  analogical  arguments, 
that  it  is  i>ossible  to  give  some  account  of  certain  phenomena 
attending  the  Emission  of  Light,  by  assuming  principles  closely 
resembling,  if  not  identical  with,  those  adopted  by  Professor 
Glausius  in  his  well  known  paper  on  *'  The  Nature  of  the 
Motion  which  we  call  Heat."* 

Matter  is  assumed  in  all  cases  to  have  its  atoms  grouped 
together  into  molecules,  an  assumption  which  seems  necessary 
when  the  different  allotropic  states  of  certain  substances  are 
considered. 

These  molecules  are  assumed  to  be  in  motion,  and  also  the 
atoms  to  be  vibrating  in  the  molecules ;  for,  whatever  may 
be  the  laws  of  the  forces  which  bind  together  the  atoms  in 
the  iholecules,  it  is  impossible  to  imagine  the  molecules  to  be 
in  motion,  and  to  be  subject  to  mutual  actions,  without 
causing  motion  of  the  component  atoms. 

In  solids  and  liquids  the  molecules  are  supposed  to  remain 
continually  within  the  spheres  of  action  of  neighbouring 
molecules,  so  that  the  internal  motion  in  a  molecule  is  never 
due  to  the  undisturbed  action  of  the  interatomic  forces — the 
only  difference  between  solids  and  liquids  being  that  in  the 
former  the  same  molecules  are  constantly  neighbours^  while 
in  the  latter  a  molecule  may  completely  change  its  place  in 
the  liquid,  and  also  that  in  liquids  a  molecule  may  perform 
complete  rotations  round  axes  through  its  centre  of  gravity, 
while  in  solids  this  is  not  generally  possible. 

In  B,  perfect  gas  a  molecule  is  supposed  to  be  under  the 
action  of  other  molecules,  only  for  a  portion  of  time  in- 
definitely small  with  respect  to  the  whole  time  of  motion, 
and  its  centre  of  gravity  describes  a  polygonal  path,  only 
*  FhU,  Mag.,  toL  xiv.,  for  1867. 
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changing  its  direction  of  motion  upon  the  near  approach  of 
the  molecule  to  another  molecule,  or  to  a  containing  vessel, 
which  may  be  considered  as  equivalent  to  an  impact. 

In  an  imperfect  gas  a  molecule  is  supposed  to  be  under  the 
action  of  other  molecules  during  a  finite  portion  of  the 
whole  time  of  motion^  this  portion  increasing  as  the  gas 
approaches  its  state  of  saturation. 

Between  the  molecules  of  a  body,  and  the  atoms  of  a 
molecule,  the  luminiferous  ether  is  supposed  to  exist. 

The  vibrations  in  the  ether  which  constitute  radiant  heat 
and  light,  are  considered  due  to  the  vibrations  of  the  atoms 
in  the  molecule,  and  not  to  the  motion  of  the  molecule  as  a 
whole;  the  latter  bearing  some  •such  relation  to  the  ether, 
as  a  bell  or  a  stretched  string  does  to  the  air,  the  internal 
vibrations  only  in  the  two  cases  causing  the  vibrations  in  the 
surrounding  media,  which  give  rise  respectively  to  light  and 
sound. 

It  appears  obvious  that  as  the  motion  of  a  molecule  of  a 
body  as  a  whole  increases,  that  is,  as  the  temperature  rises, 
the  internal  motion  in  the  molecule  also  increases,  considering 
that  the  action  of  one  molecule  upon  another  must  be  due  to 
the  mutual  action  of  atoms,  or  to  the  interatomic  forces,  it 
seems  probable  that  the  internal  vis  viva  in  a  molecule,  to 
which  the  light  is  due,  is  proportional  to  the  vis  viva  of  the 
molecule  as  a  whole,  to  which  heat  is  to  be  referred.  Thus, 
as  the  temperature  of  a  body  rises,  the  internal  vis  viva  in 
the  molecules  increases,  and  the  vis  viva  communicated  to  the 
ether  also  increases  ;  hence  the  intensity  of  the  vibration  in 
the  ether  increases,  and  at  the  same  time  the  period  of 
vibration  diminishes,  or  waves  of  shorter  length  are  con- 
tinually produced  with  inc];easing  intensity. 

Hence  as  the  temperature  of  a  body  rises  radiant  heat  is 
given  off,  the  intensity  corresponding  to  a  given  wave  length 
constantly  increasing,  at  last  then  vibrations  in  the  ether, 
with  wave  lengths  corresponding  to  the  extreme  red  of  the 


86 

spectrum^  will  be  caused  with  suffident  intexiflitjr  to  be 
visible^  and  thus  the  body  will  begin  at  first  to  glow  with 
red  light;  as  the  temperature  still  rises,  and  vibrations  of 
shorter  and  shorter  wave  lengths  become  of  visible  intensity, 
the  light  emitted  will  gradually  change  from  red  to  white. 

From  Draper's  Law,  that  all  bodies  become  incandescent 
simultaneously,  as  well  as  from  other  considerations,  it  seems 
probable  that  in  all  bodies  the  internal  vis  viva  in  the  mole- 
cules bears  the  same  ratio  to  the  vis  viva  of  the  molecule  as  a 
wh(de. 

In  solid  and  liquid  bodies,  the  molecules  being  constantly 
under  their  mutual  actions,  and  these  actions  being  subject 
to  constant  change  from  the.  varying  relative  positions  of  the 
molecules,  the  atoms  cannot  assume  any  definite  periods  of 
vilMration,  but  are  constantly  changing  the  time  of  vibration ; 
hence  the  vibrations  in  the  ether  will  be  constantly,  and  with 
extreme  rapidity,  changing  their  periods.  This  change 
having  apparently  no  limit,  and  the  effect  upon  the  eye  con- 
tinuing tot  a  finite  time,  light  of  all  wave  lengths  will  appear 
to  be  given  off  simultaneously  by  such  bodies  when  the  tem- 
perature is  sufficiently  high ;  in  other  words,  incandescent 
solids  and  liquids  will  appear  to  give  off  white  light,  which 
when  analysed  by  a  prism  will  jrield  a  continuous  spectrum. 

In  the  case  of  an  incandescent  Gas  or  Vapour  sufficiently 
removed  from  a  state  of  jsaturation  to  be  considered  per- 
fect, the  atoms  will  be  left  to  vibrate  under  the  action 
of  the  interatomic  forces  only,  and  will  thus  assume  periods 
of  viln-ation  all  included  in  a  certain  set;  these  vibra* 
tdons  will  consequently  cause  vibrations  in  the  ether  corre- 
sponding only  to  certain  definite  wave  lengths.  Hence  the 
spectra  of  such  incandescent  vapours  will  be  broken,  and 
consist  only  of  a  series  of  fine  lines. 

Witli  imperfect  gases,  or  vapours  not  £eur  removed  from 
their  points  of  saturation,  the  intermediate  phenomenon 
of  spectra  broken,  but  oonsisting  of  bands,  is  to  be  expected : 
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whm  howf^^T  the  t^p^pen^tiire  pf  si^b  vapoi^  U  suQeiently 
ipev^cMsed,  a  change  ^pm  spectra  qpn^isting  of  bancU  to  ^pec^ 
^  e^usisting  0f  fin^  lines  i^  to  ba  loQJLed  for.  XM^  c^fmge 
l|{^  t>epi&  Qbaerv^  ip  many  qaset. 

When  a  solid  body  is  incandpsc^ntj  the  light;  en^itted  ao 
as  nearly  to  graze  the  surface  may  hp  considered  due  maiuly 
to  the  suifaee  mcdeeulpq^  but  the^e  l)eing  ^^ee  on  ^e  side  of 
the  surfoce,  but  afiSseted  by  other  mqlecules  pn  all  other  . 
sides^  the  internal  Yibvatiops  in  these  surface  pipleculea  will 
have  a  bias  in  a  direction  perpendicular  to  the  sur&C^^ 
Thus  the  vibrations  caused  in  the  ether j^  which  arc  prppi^gated 
nearly  grazing  the  surface^  wiU  preponderate  in  a  direction 
perpendicular  ta  the  surfsn^  oj  considering  the.  vibrations  in 
plane  polarised  light  to  be  perpendicular  to  tb<^  planp  of 
pobuisatiouji  the  Ugh^  emitted  by  such  a  body>  ao  as  to  pass 
clos^  to  its  surface^  will  be  partially  plan^  polariaed,  the 
plane  of  polarisation  being  parallel  to  the  tangent  plan^  to 
the  surface  of  the  body  at  the  point  of  emission. 

In  the  case  of  an  incandescent  gas^  the  surface  molecules 
are  continually  changed,  and  as  a  molecule  may  arrive  at  the 
surface  in  any  position  and  is  equally  free  on  all  sides,  all 
trace  of  polarisation  ii^  this  light  will  be  destroyed. 

The  fact  that  incandescent  metallic  plates  do  emit  partially 
plane  polarised  light  in  directions  nearly  grazing  the  surface, 
the  plane  of  polarisation  being  parallel  to  the  surface,  and 
that  incandescent  gaaea  emit  u^polariaed  light»  haa  been 
observed  by  Arago. 

As  the  molecules  at  or  near  the  surface  of  solids  or  liquids 
can  cause  vibrations  in  the  ether,  giving  rise  to  emitted  light, 
it  is  to  be  expected  that,  in  some  cases  at  least,  it  will  be 
possible  for  light,  if  of  sufficient  intensity,  when  incident  upon 
a  body,  to  cause  vibrations  in  the  atoms  constituting  the 
molecules, near  the  surface,  but  considering  the  difference  of 
mass  of  the  atoms  of  the  body  and  of  those  of  the  ether, 
that  the  atoms  of  the  body  will  vibrate  slower  than  those  of 


28 

the  ether^  the  actual  times  of  vibration  depending  however 
upon  the  molecular  forces  in  the  body.  As  these  atomic 
vibrations  will  again  affect  the  ether,  such  bodies  will  or  may 
become  luminous,  the  wave  lengths  of  the  emitted  light  being 
however  longer  than  those  of  the  incident  light  which  causes 
the  disturbance  in  the  body. 

This  emitted  light  will  necessarily  last  some  time  after  the 
incident  light  is  removed,  for  the  vibrations  in  the  body  wiU 
not  cease  as  soon  as  the  cause  of  disturbance  is  removed,  but 
in  general  it  is  to  be  expected  that  this  emitted  light  will 
speedily  disappear,  though  cases  may  occur  in  which  it  will 
continue  for  a  considerable  time. 

These  probable  deductions  from  the  assumed  principles 
coincide  exactly  with  the  phenomena  of  Fluorescence  and 
Phosphorescence  (not  including  in  this  term  cases  in  which 
light  is  emitted  by  bodies  undergoing  slow  combustion),  all 
Fluorescent  bodies  being  Phosphorescent  for  times  of  different, 
though  in  all  cases  at  present  observed,  of  very  short  duration. 


PHYSICAL  AND  MATHEMATICAL  SECTION. 
November  9th,  1865. 

E.  W.  BiNNET,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

Mr.  Baxendell,  F.R.A.S.,  read  the  following  ^'  Note  on 
the  Variable  Star  S  Delphini." 

Since  the  discovery  of  this  variable  in  October,  1863,  it 
has  gone  through  two  complete  periods  of  change,  and  my 
observations  have  enabled  me  to  fix  with  tolerable  exactness 
the  dates  of  three  maxima,  and  to  determine  the  form  of  the 
light-curve  for  that  portion  of  the  period  during  which  the 
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«liur  i»  tisiUd  with  telescopes  of  modenile  power.  Comparing 
the  light-curves  for  1864  and  1865  with  the  ourre  laid  down 
from  the  observations  made  in  1863  after  the  discovery  of  the 
variable,  I  conclude  that  a  raaximum  occurred  about  the 
14th  Of  October^  1863,  the  magnitude  being  8*5.  The  next 
maximum  occurred  on  the  12th  of  September,  1864 — ^mag^ 
nitude,  8*8 ;  and  the  third  on  the  9th  of  August,  1865-^ 
magnitude,  8'9<  The  interval  between  the  first  and  second 
maxima  is  884  days,  and  that  between  the  second  and  third, 
381  days.  The  mean  period  is  therefore  about  882  daya. 
In  the  Astronomische  Nachrichten,  No.  1528,  Dr.  Schonfeld 
states  that  this  star  was  observed  on  the  8th  of  September, 
186fi,  in  zone  7^  of  the  Bonn  '^  Durchmusterung,"  and 
estimated  to  be  of  the  ninth  magnitude,  but  was  invisible 
to  Professor  Argelander  with  the  telescope  of  the  Bonn 
'meridian  circle  on  the  9th,  and  with  the  heUometer  on  the 
9(Mi -of  November  following,  and  was  therefore  not  inserted 
in  the  "  Bonner  Sternverzeiohniss,"  its  existence  evidently 
being  considered  doubtfuL  Guided  by  the  course  of  the 
star's  light-curve,  I  conclude  from  the  Bonn  observations  that 
a  maximum  ocoorred  about  the  12th  of  August,  1855.  The 
interval  between  this  date  and  that  of  the  last  maximum, 
August  9th,  1805,  is  8,650  days,  during  which  time  the  star 
paned  through  eleven  complete  periods  of  change.  We  find 
tlierefore  that  the  value  of  the  mean  period  is  881*8  days,  a 
result  agreeing  very  closely  with  that  derived  firom  my  own 
observations  alone. 

An  inspection  of  the  diagrams  which  accompany  this  com- 
munication will  show  that  S  Delphini  increases  in  bright- 
ness much  more  rapidly  than  it  diminishes,  and  that  the 
course  of  its  light-curve  is  more  irregular  after  than  before  a 
maximum.  During  the  last  apparition  it  rose  from  the 
thirteenth  magnitude  to  a  maximum  in  48  days,  but  was  89 
days  in  descending  again  to  the  same  magnitude.  When  at 
minimum  it  is  below  the  18^  magnitude,  and  it  remains 
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invisible  with  telescopes  of  ordinary  power  for  more  than  the 
half  of  its  entire  period. 

Mr.  G.  Knott,  FJIA-S.,  of  the  Woodcroft  Ob6er?at(H7, 
Cuckfield,  Sussex,  has  kindly  favoured  me  with  a  copy  of  his 
observations  of  S  Delphini,  m.ade  during  the  present  year, 
and  of  the  light-curve  laid  down  from  them.  He  has  obtained 
for  the  date  of  maximum  August  11,  1865 — magnitude,  8*8* 
Considering  the  nature  of  the  observations,  and  the  form  of 
the  light-curve  at  its  maximum,  this  result  agrees  very  fairly 
with  that  derived  from  my  own  observations.  It  will  how- 
ever be  seen  that  there  is  a  slight  difference  in  our  modes 
of  drawing  a  curve  through  the  points  laid  down ;  Mr.  ELnott 
evidently  regarding  apparent  irregularities  as  being  principally 
owing  to  errors  of  observation,  while,  on  the  other  hand,  I 
have  regarded  them  as  being  mainly  due  to  actual  changes  in 
the  brightness  of  the  star.  Treating  his  observations  pre-  * 
cisely  as  I  have  treated  my  own,  I  do  in  fact,  obtain  the 
same  date  of  maximum,  August  9, 1865. 

The  colour  of  S  Delphini  is  decidedly  ^'  reddish,''  and  my 
observations  seem  to  indicate  that  this  colour  becomes  sensiUy 
more  intense  as  the  star  approaches  its  minimum.  The 
difference  of  0*  1  between  my  own  and  Mr.  Knott's  estimations 
of  magnitude  at  the  last  maximum  is  doubtless  due  to  the 
colour  of  the  star,  and  to  the  fact  that  while  my  observations 
have  been  made  with  a  telescope  of  five  inches  aperture,  Mr. 
Knott's  have  been  made  with  one  having  an  aperture  of 
seven  and  one-third  inches. 


Ebbaxum.—  Page  20,  laat  paragraph,  for  apion  ononis,  read  apion  ommidU. 
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Ordinary  Meeting,  November  28th,  L86& 

R.  AvQVB  Smith,  Ph.D.;  F.R.S.,  &c.^  President^  in 
the  Chair. 

Mr.  Francis  Hampson,   Solicitor^  was  elected  an   Ordi* 
nary  Member  of  the  Society. 

Mr.  D4JiCBB»  F.R.A.S.,  said  that  in  a  paper  ''On  the 
lUiumnation  of  Opaque  Objects  under  the  high  powers  of  the 
Microscope/'  read  before  the  Microscopical  Section  of  thia 
SoG^ty,  November  20tb>  he  had  described  a  method  of  employ- 
ing the  oblique  body  of  the  binoculair  microscope  with 
Wenham's  prism,  for  illumination  of  opaque  objects,  and  he 
'  had  also  exhibiited  an  instrument  fitted  up  for  this  purpose, 
giwi^g  the  ip^mbers  present  a  praolijcal  djempostration  of  the 
advantages  which  this  mode  of  illumination  afforded  u^der 
certain  circumstances.  He  wished  now  to  describe  another 
laethod)  of  illuminating  opa^ua  obgepta,  and  aai^t  is  tqi^ally 
a|»{}lieaUe  to  mooooular  and  binfcul^  mjugrogcopes^it  ain>ears 
worthy  of  some  oopsideratipn. 

In  the  method  of  Mr  H.  L.  Smith,  of  Kenyom  OQU^ge> 
(which  was  briefty  d<9^bed  iq.  th^  piiper  before  mentioned)* 
and  also  ija  the  use  of  A0  Wenhamt's  prism  these  is  a  con- 
siderable loss  of  angular  apevtur^^  (which  is  a  viery  imiKxtant 
consideration) :  it  occurred  to  the  autbpr  tb#t  bj  mpdlfying; 
Mr.  Smithes  coolaavanoe  this  Ipsa  might  be  diminished  ia 
some  degree;  this  has  hma  attempted  in  the  following 
manneif. 
PBOOHDnres— Lit.  &  Phil.  SoomT.— Vol.  V.— No.  6— Sissiof  1865-6. 
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Instead  of  placing  the  mirror  immediately  over  the  opening 
at  the  back  of  the  object  glass,  a  small  speculum  ^  of  an 
incji  in  diameter  is  introduced  into  the  front  of  the  body  of 
the  microscope,  2|  inches  above  the  top  of  the  objective. 
A  lateral  opening  is  made  in  the  body  at  right  angles  to  the 
speculum,  for  the  admission  of  light  to  be  reflected  down 
through  the  objective  to  the  object  below. 

The  interposition  of  the  small  speculum  does  not  produce 
any  disagreeable  effect  in  the  field  of  view,  and  in  the  exami- 
nation of  objects  it  is  easy  to  use  that  portion  of  the  field  which 
is  between  the  centre  and  the  edge.  With  proper  manipfilation 
very  good  definition  can  be  obtained  by  this  method,  when 
the  speculum  is  of  the  proper  curvature.  This  contrivance 
can  always  remain  attached  to  the  microscope  without  inter- 
fering with  the  general  appe^ance  of  the  instrmnent,  and 
when  the  use  of  the  speculum  is  not  required,  it  can  be  with- 
drawn or  turned  aside  out  of  the  field  of  view,  and  the  aper- 
ture at  the  side  of  the  body  may  be  closed  by  a  small  shutter. 
It  is  obvious  that  the  use  of  the  binocular  body  is  not  inter- 
fered with  by  this  arrangement. 

A  binocular  and  a  monocular  microscope  with  this  arrange- 
ment were  exhibited  to  the  members  at  the  close  of  the 
meeting. 

Mr.  Hardy  (on  behalf  of  Edward  Boss,  Esq.)  exhibited  a 
large  cetacean  vertebra  which  had  been  found  in  the  valley 
of  the  Don,  about  two  miles  from  Tinsley  and  four  from 
Botherham,  in  Yorkshire,  on  a  line  of  railway  now  in  course 
of  construction.  The  bone  was  met  with  in  excavating,  at 
a  depth  of  14  feet  below  the  surface  of  the  ground,  in  a  bed  of 
gravel  overlaid  by  the  alluvium  of  the  valley.  In  answer  to 
questions  put  by  Messrs.  Binney  and  Hull,  Mr.  Hardy 
described  the  bone  as  one  of  the  lumbar  vertebrae  of  a  species 
of  whale,  probably  identical  in  genus  with  the  balsena  of  the 
present  seas.    The  bone  measured  on  its  largest  diameter  a 
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little  over  ten  inches^  in  thickness  seven  inches^  and  in  cir- 
cumference about  three  feet.  It  presented  every  appearance 
of  having  lain  in  the  earth  for  a  very  considerable  length  of 
time;  but  as  it  only  reached  Manchester  on  the  day  previous^ 
the  geological  character  of  the  gravel  in  which  it  was  found 
had  not  been  ascertained. 

Dr.  Roberts  drew  attention  to  the  injurious  effects  pro- 
duced by  burning  Pharaoh's  serpents  in  close  rooms^  and  gave 
the  particulars  of  a  case  which  had  lately  come  under  his 
notice. 

Dr.  RosooB  stated  that  in  his  opinion  persons  could  not  be 
too  careful  respecting  the  inhaling  of  even  small  quantities  of 
mercury  vapour^  and  he  alluded  in  support  of  this  opinion  to 
the  fact  that  two  German  gentlemen  who  were  engaged  in  a 
London  l^jboratory^  in  the  preparation^  for  a  scientific  purpose, 
of  volatile  organic  mercury  compounds^  had  recently  been 
poisoned  by  the  accidental  absorption  through  the  lungs  or 
skin  of  very  small  quantities  of  the  vapours  of  these  sub- 
stances. The  symptoms  characteristic  of  this  form  of  mercu- 
rial poisoning  are  of  the  most  painful  and  distressing  kind, 
the  first  patient  dying  in  a  state  of  mania  shortly  after  his 
admission  into  the  hospital,  and  the  second,  on  whom  the 
effect  became  first  perceptible  three  months  after  he  had 
ceased  to  work  with  the  substance,  now  lying  in  a  hopeless 
state  of  idiocy. 

A  paper  was  read  "  On  the  Amount  of  Carbonic  Acid  con- 
tained in  the  Air  above  the  Irish  Sea,'*  by  Mr.  T.  E.  Thorpb, 
Assistant  in  the  Private  Laboratory,  Owens  CoU^e,  com- 
municated by  Professor  H.  E.  Roscob,  F.R.S. 

The  determination  of  the  amount  of  carbonic  acid  contained 
in  the  atmosphere  over  the  land  has  been  made  the  subject 
of  investigation  by  many  experimenters,  and  Arom  the  results 
obtained  by'  Theodore  de  Saussure,  Brunner,  Boussingault, 
Angus  Smith,  and  others,  we  are  acquainted  with  the  exact 
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pioportioa  <tf  tiiis  gas  oonteined  in  die  atmosphere  uadcr 
varjriiig  circuttstances  of  sitnatioii  and  weather. 

But  hitherto,  the  iofluenoe  which,  apnori,  most  neocssafily 
be  exesdsed  by  laige  bodies  of  water  on  the  pioporti<HL  •f 
(carbonic  acid  in  the  atmosphere  has  scaroelj  been  soffieientiy 
studied.  The  fact  that  a  considerable  infloance  is  ex«idsed 
has  certainly  been  noticed,  but  beyond  the  incomplete  results 
of  one  or  two  observers,  we  have  no  numerical  data  from 
which  to  judge  of  the  extent  of  this  influence,  and  we  there- 
fore know  but  little  of  the  changes  in  the  comparative 
amount  of  the  atmospheric  carbonic  acid  as  effected  by  the 
waters  of  the  ocean. 

Dr.  Roscoe  therefore  suggested  that  I  should  undertake 
some  experiments  on  this  subject,  and  kindly  placed  the 
necessary  time  and  apparatus  at  my  disposal.  I  may  here  be 
allowed  to  express  my  thanks  for  this  kindness,  and  for  the 
advice  I  have  received  from  him  during  the  prosecution  of 
these  experiments. 

It  appeared  from  the  observations  of  Vogel  on  the  air  of 
the  Baltic  and  of  the  Channel  that  the  sea  abstracts  to  a  very 
considerable  extent  the  carbonic  acid  from  the  atmosphere ; 
and  this  conclusion  was  apparently  confirmed  by. the  experi- 
ments of  Emmet  on  the  air  over  the  Atlantic  and  at  Bermuda, 
and  by  the  determinations  of  Watson  at  Bolton,  made  on  air 
blowing  from  the  seaward. 

These  experiments  were  however,  for  the  most  part,  merely 
qualitative,  and  the  circumstances  mnder  whioh  they  were 
niade,  together  with  the  inaccurate  nature  of  the  metheds 
amployed,  render  such  a  conclusion  premature.  In  fact,  the 
experiments  of  Lewy  and  Morren  on  the  nature  of  the  gases 
which  sea  water  holds  in  solution  at  different  periods  of  the 
day  and  during  various  seasons  of  the  year  would  appear  to 
show  that  the  sea  may  possibly  act  in  quite  the  opposite 
direction,  and  cause  a  senrible  mcrea$4  in  the  comparative 
lunount  of  atpxoiq;»herip  carbolic  acid. 


The  nit  contained  in  s^a  water  consists  of  variable  quanti- 
ties of  free  carbonic  acid,  oxygen,  and  nitrogen,  and  M orren 
and  Lewy  hare  shown  that  the  changes  in  the  relative  pro- 
portion 0^  these  gases  depend : — (1)  upon  alteration  of  tetn- 
perature  affecting  the  relMive  amounts  of  the  dissolved  gases 
in  aoeordance  with  the  laws  of  gaseous  absorption  ;  and  (2) 
upon  the  variations  in  intensity  of  diteet  and  diflueed  solar 
Hght,  producing  a  corresponding  effect  upon  the  vitality  of 
sea  plants  and  animals,  and  hence  altering  the  composition 
of  the  dissolved  gases. 

Some  further  experiments  by  Lewy,  On  the  composition  of 
the  atmosphere  above  the  Atlantic  ocean  in  the  tropics,  tend 
to  confirm  the  above  supposition  of  the  possible  increase  in 
carbonic  tusid  in  the  atmosphere  above  the  sea.  In  fkct,  if  it 
is  possible  that  the  composition  of  the  air  above  the  sea  in 
our  latitudes  can  be  sensibly  altered  by  this  phenomenon  of 
^e  variation  in  the  nature  of  the  gases  in  solution  in  sea 
water^  as  Lewy  and  Morren  assert,  we  might  expect  that  the 
atmosphefre  above  the  tropical  oceans  would  manifest  to  a 
much  larger  extent  variations  in  the  relative  amounts  of 
carbonic  acid  and  oxygen,  since  infusoria  exist,  as  is  well 
known,  in  enormous  quantities  in  these  oceans,  and  the 
composition  of  the  air  in  their  waters  must  necessarily 
undergo  rapid  variation,  and  a  considerable  evolution  of  the 
dissolved  gases  must  consequently  occur.  At  the  instance 
of  the  French  Academy  Lewy  collected  air  at  different 
tkaes  during  a  voyage  from  Havre  to  Santa  Marta,  atid 
on  subsequent  analysis  not  only  did  it  appear  that  the 
mean  quantity  of  carbonic  acid  was  sensibly  greater  in  the 
air  of  the  Atlantic  ocean  in  the  tropics  than  in  the  air  of  the 
land,  but  also  that  the  air  of  the  day  was  appreciably  richer 
in  carbonic  acid  and  oxygen  than  air  collected  in  the  night. 

On  oomparing  the  means  of  each  series  we  have,  in  10,000 
vdumes  of  air,  for  the 
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Daj  (mean  of  7  exptt.)    Night  (mean  of  4  expts.) 

Carbonic  add 6299  3-469 

Oxygen  , 2106-801  2097-412 

and  this  variation  i^peared  to  increase  in  proportion  as  the 
middle  of  the  ocean  was  approached. 

This  remarkable  phenomenon^  of  the  variation  in  composi- 
tion of  the  air  above  the  tropical  oceans^  may  doubtless  be 
accounted  for,  without  any  reference  to  the  direct  action  of 
infusoria,  by  the  heating  effect  of  the  sun  on  the  sea  water 
and  the  consequent  disengagement  during  the  day  of  gas  pro- 
portionately rich  in  carbonic  acid  and  oxygen.  During  the 
nighty  on  the  other  hand,  as  this  'source  of  action  is  removed, 
the  disengagement  may  be  assumed  not  to  occur ;  and,  follow- 
ing Lewy^  one  may  perceive  that  this  difference  would  be- 
come more  appreciable  and  easier  to  trace  in  air  at  great 
distances  from  any  continent  than  in  air  collected  nearer  the 
coasts,  and  consequently,  liable  to  be  mixed  with  the  air  of 
the  land. 

Although  the  precision  of  these  results  is  certainly  remark- 
able, they  still  require  confirmation.  The  air  was  collected 
in  glass  tubes  of  about  100  cbc.,  and  analysed  eighteen  or 
twenty  months  after  in  the  eudiometric  apparatus  of  Reg- 
nault  and  Beiset.  The  fact  pointed  out  by  Begnault  that 
air  which  has  remained  for  any  great  length  of  time  in  glass 
tubes  invariably  exhibits  notable  diminutions  in  the  amount 
of  carbonic  acid,  since  the  glass  absorbs  a  portion  of  this  gas; 
and  the  difficulty  generally  experienced  in  accurately  noting 
contractions  so  minute  as  the  absorption  of  the  x^rbonic  acid 
from  a  small  volume  of  atmospheric  air,  are  circumstances 
which  may  possibly  influence  the  reliability  of  the  results. 

The  kind  permission  of  the  Honorable  Board  of  Trinity 
House  has  enabled  me  during  the  vacation  of  last  summer  to 
make  some  additional  experiments  in  this  direction  on  board 
the  *'  Bahama  Bank"  Light- vessel,  situated  in  the  Irish  sea, 
latitude  54"*  21'  and  longitude  4Mr,  seven  miles  W.N.W.  of 
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Ramsey,  Isle  of  ^an,  and  consequently  nearly  equidistant 
from  the  nearest  shores  of  England,  Scotland,  and  Ireland. 
The  ship  is  placed  to  mark  the  proximity  of  a  dangerous  bank, 
by  which,  for  the  greater  part  of  the  day,  a  strong  current, 
setting  in  from  the  southward,  flows  through  the  North  Chan- 
nel and  thence  into  the  Atlantic. 

These  experiments  were  made  in  the  early  part  of  August, 
at  the  same  periods  of  the  twenty-four  hours,  namely  about 
4  a«m.  and  4  p.m ,  or  nearly  the  times  of  minimum  and 
maximum  temperature. 

Pettenkofer's  method  of  analysis  was  adopted,  with  the 
improvements  in  the  practical  details  suggested  by  Angus 
Smith.  This-  method  is  in  principle  similar  to  the  one 
adopted  by  Watson  and  Emmet,  but  admits  of  far  more  deli- 
cacy and  precision  in  practice.  Baryta  is  substituted  for 
lime  water,  and  oxalic  for  sulphuric  acid.  The  solution  of 
oxalic  acid  for  these  experiments  was  made  so  that  one  cubic 
centimetre  of  it  corresponded  to  one  milligramme  of  carbonic 
acid ;  it  thus  contained  2*864  grms.  of  pure  crystallised  oxalic 
acid  per  litre.  Twenty-five  cubic  centimetres  of  the  baryta 
solution  were  originally  made  to  correspond  to  about  twenty- 
eight  of  oxalic  acid,  but  of  course  the  exact  strength  of  the 
baryta  water  was  ascertained  previous  to  each  experiment. 
The  bottles  were  generally  filled  with  the  air  by  means  of  the 
bellows,  but  sometimes  when  the  wind  was  strong  it  sufficed 
to  hold  them  up  for  a  minute  or  two  in  such  a  manner  that 
the  air  could  circulate  freely  within.  The  baryta  water 
remained  in  contact  with  the  enclosed  air  for  three  quarters  of 
an  hour  to  one  hour,  during  which  time  the  bottles  were  fre- 
quently agitated.  Although  even  this  is  longer  perhaps  than 
is  actually  required  for  the  complete  absorption  of  the  car- 
bonic acid,  still,  for  the  sake  of  conclusiveness,  in  experiment 
4  the  bottles  were  allowed  to  stand  for  three  hours,  and  in 
experiment  13  for  sis^  hours,  before  the  solutions  were  tested. 
The  capacities  of  the  two  bottles  which  served  for  all  the  ex- 
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periments,  were  4815  ol»c.  and  4960  obc.  .The  burette  was 
MoliT*8  modifieatioii,  for  which  a  table  ef  calibration  had 
been  eonstrocted  by  weighii^  and  interpdatiBg  in  the  ordi- 
nary way. 

The  feet  that  the  various  meteorologieal  changes  inftaeaer 
to  such  a  remarkable  extent  the  nature  and  amount  of  the  gases 
dissolved  in  sea*water  renders  it  necessary^  in  any  investiga- 
tion on  the  constitution  of  the  atmosphere  ovex  the  sea,  to 
take  particular  account  of  these  changes.  Accordingly  the 
temperature,  pressure,  and  degree  of  humidity  of  tile  air; 
direction  and  force  (estimated — ^Beauforf  s  system)  of  wind ; 
amount  (estimated— -overcast=  10)  and  nature  of  clouds,  and 
general  appearance  of  the  day,  together  with  the  temperature 
of  the  sea  water  and  amount  of  sea  disturbance  (1  to  9),  were 
noted  at  the  time  of  each  experiment. 

The  following  table  shows  the  results  of  these  observations, 
together  with  the  amount,  in  volumes,  of  the  carbonic  acid 
in  10,000  volumes  of  air.  All  the  experiments  which  were 
made  are  here  given.  The  hours  of  observation,  as,  before 
stated,  were  4  a.m.  and  4  p.m. 
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In  comparing  these  results  with  the  following  determinations 
of  the  carbonic  acid  contained  in  land  air^  it  is  seen  that  the 
air  of  the  Irish  Sea  contains  a  much  smaller  proportion  of 
carbonic  acid*  than  the  air  of  the  neighbouring  land.  The 
most  ex^(ensiye  obserrations  on  the  land  air  haye  given  as 
means: — 

Obierv&r.  LoeaUfy,  No.qfBwft9,  VoU.m 

10,000  qf  air. 

TL  de  Saussure,  Chamheisy,  104  4-15 

Boussmgault,  Paris,  142  3-97 

Verver,  Groningen,  90  4*20 

Roscoe,  Ist  series,  London  &  Manchester,  108  3*97 

,,      2nd  series,         Manches^r,  63  3*92 

Smith,  ditto.  200  403 

General  mean  of  laud  air  4-04 

Mean  of  26  expts.  on  sea  air  3-086 

It  would  also  appear  that  no  difference  is  discernible  in  the 
amount  of  carbonic  acid  in  the  air  of  day  and  night  over  the 
Irish  Sea.  On  the  other  hand^  from  Saussure's  observations 
a  decided  difference  may  be  traced  between  day  and  night  air 
on  the  land — a  conclusion  subsequently  confirmed  by  several 
experimenters. 

In  noting  the  above  mean  3*08,  and  the  apparent  identity 
in  the  amount  of  carbonic  acid  in  the  air  of  day  and  night 
over  the  sea,  it  should  be  borne  in  mind  that  July  and  August 
are,  in  general,  the  hottest  periods  of  the  year,  (these  months 
were  unusually  hot  this  year,  1865)  and  that,  consequently, 
all  the  influences  may  be  supposed  at  work  which  would  tend 
to  increase  the  relative  amount  of  carbonic  add,  and  render 
appreciable  any  difference  in  the  air  of  night  and  day. 

The  conclusions  therefore  to  be  drawn  from  these  experi- 
ments are : — 

1 .  That  the  influence  of  the  sea  in  our  latitudes  in  abstract- 
ing the  carbonic  acid  from  the  atmosphere  is  not  so  great  as 
the  old  experiments  of  Yogel  and  others  would  lead  us  to 
suppose. 
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2.  That  the  sea  in  our  latitudes  does  not  act  in  increasing 
the  amount  of  carbonic  acid  in  the  air  above  the  ocean,  as 
found  by  Lewy  over  the  Atlantic  near  the  equator. 

8*  That  the  differences  observed  in  the  air  of  night  and  day 
by  Lewy  on  the  Atlantic,  are  not  perceptible  in  the  air  above 
the  Irish  Sea. 

4.  That  in  the  month  of  August  1865^  the  mean  quantity 
of  carbonic  acid  in  the  atmosphere  of  the  Irish  Sea  was  3*08 
in  IO9OOO  volumes  of  air. 

In  conclusion,  I  beg  to  acknowledge  the  kind  attention 
which  I  received  from  Captain  Temple,  and  from  his  crew 
during  my  stay  on  board  his  ship. 
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MICROSCOPICAL     SECTION. 

November  .20th,  1865. 

A.  G.  Latham,  Esq.,  President  of  the  Section, 
•   in  the  Chair. 

Mr.  Parry  read  a  paper  on  "  Collecting  Foraminifera  on 
the  west  coast  of  Ireland."  He  said  that  in  June  last  he 
visited  the  coast  of  Connemara,  for  the  purpose  of  collecting 
Foraminifera,  more  especially  at  Dogs  Bay ;  he  was  accom- 
panied by  Mr.  Bums,  of  Doohulla  Lodge^  who  gave  him  much 
assistance.  After  he  had  procured  a  considerable  quantity  of 
the  shell-sand  in  the  usual  way,  he  noticed  some  white 
floating  material  on  the  surface  of  the  advancing  tide ;  he 
collected  a  quantity  of  it  by  means  of  a  muslin  net,  and  on 
examination  found  it  nearly  all  composed  of  perfect  dead 
shells  of  Foraminifera.  On  a  second  visit  to  the  bay  Mr. 
Bums  discovered  a  pool  near  high  water  mark,  covered  with 
the  floating  shells,  and  of  these  Mr.  Parry  collected  a  large 
quantity,  portions  of  which  he  had  since  distributed  to  mem- 
bers of  the  Section.  He  observed  that  the  underside  of  the 
rocks  forming  the  pool  were  covered  with  foraminifera,  and 
he  therefore  concluded  that  these  minute  creatures  live  there, 
and  from  what  he  saw  be  was  led  to  believe  that  Dogs  Bay 
is  a  breeding  ground  for  them,  and  that  they  may  also  be 
found  living  in  "  Bums'  Pool." 

Mr.  Dancer,  F.R.A.S.,  read  a  paper  **  On  the  Illumination 
of  Opaque  Objects  under  the  high  powers  of  the  Microscope." 
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Tbe  Author's  attention  was  drarwn  to  a  paper  on  this  subject, 
which  appeared  in  the  Scientific  American,  and  was  oopi^ 
into  the  Mechanics'  Magazine  of  October  20th,  1865. 

Mr.  H.  L*  Smith  of  Kenyon  College,  had  contrived  a  plan 
for  the  illumination  of  opaque  objects,  by  placing  a  small 
mirror  in  a  rectangular  box,  which  could  be  attached  to  any 
ordinary  microscope,  this  mirror  was  made  adjustable  imme- 
diately over  the  opening  of  the  back  of  the  objective,  a  light 
was  placed  at  the  side  of  the  box  and  reflected  down  through 
the  objective  on  to  the  object.  In  this  manner  the  object 
could  be  illuminated  when  the  high  powers  were  used. 

Mr.  Hurst  suggested  that  a  discussion  on  this  subject  would 
be  of  interest  to  the  members  of  the  Microscopical  Section. 
The  Author  not  having  time  to  make  one  of  Mr.  Smith's 
apparatus,  thought  it  possible  to  arrive  at  similar  results  by 
the  employment  of  the  binocular  microsco^,  an  instrument 
which  is  now  more  common  than  a  monocular  instrument. 
The  trial  quite  answered  his  expectations.  The  simplest 
method  and  one  which  gave  good  results,  is  to  remove  the  eye 
piece  from  the  oblique  body  and  fix  a  reflector  on  the  top  of  the 
body  in  such  a  manner  as  to  throw  the  rays  of  light  down  to 
the  Wenham's  prism,  and  thence  through  the  object  glass  on 
to  the  object. 

If  a  plane  mirror  is  employed,  a  lens  of  suitable  focal  length 
should  be  placed  in  the  body  in  order  to  get  the  field  of  view 
entirely  illuminated. 

A  concave  mirror  or  lenticular  prism  can  also  be  used  for 
the  same  purpose,  providing  the  focal  length  is  adapted  to 
the  length  of  the  body  and  object  glasses. 

Various  modifications  can  be  adapted  so  as  to  vary  the 
character  of  the  illumination  to  suit  the  particular  object 
to  be  viewed.  In  some  cases  the  Wenham's  prism  may  be 
withdrawn  a  little,  to  produce  the  proper  effect. 
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Uttoovered  objects  only  can  be  seen  to  adyantage,  owing  to 
the  light  reflected  from  the  surface  of  the  covering  glass* 
The  surface  on  which  the  objects  are  mounted  should  reflect  as 
little  as  possible,  and  be  a  marked  contrast  in  colour  to  the 
object 
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Ordinary  Meetings  December  12th^  1665. 

E.  Angus  Smith,  Ph.D.,  F.II.S.,  &c..  President, 
in  ihe  Cbair. 

Mr.  J.  BoTTOMLEY  said  that  a  recent  paper  npon  the 
employment  of  the  internal  heat  of  the  earth  led  him  td  con- 
sider what  might  be  the  coniHtion  of  the  atmc^here  when 
coal,  lignite,  anthracite,  and  all  other  fbrms  of  vegetable  fUel 
should  be  so  exhausted  that  the  human  race  would  be  com- 
pelled to  resort  to  this  source  of  heat.  The  numbers  obtaliied 
led  him  to  the  conclusion  that  the  exhaustion  of  the  cold 
fields  implied  more  than  the  depriving  of  the  human  race  of 
a  ready  source  of  warmth,  namely,  the  alteration  Of  the 
atmosphere  to  an  extent  that  would  ultimately  prove  fatal. 
As  the  latter  assumption  seemed  to  him  to  be  repugnant  to 
reason,  he  would  infer  that  long  before  the  ejthanstlon  of  (he 
coalfields,  the  carbonic  acid  in  the  atmosphere  beyond  tlhe 
limits  of  safety  to  life,  would  have  been  de<^omp09^  by 
v^etation;  moreover,  as  plants  decomposed  Wtttef,  tltere 
would  always  be  some  combustible  compound  Of  CdAfQ/n  (ind 
hydrogen ;  in  other  words,  there  will  and  must  be  abtmdance 
of  fuel  in  the  world  in  all  ages,  if  not  of  so  dense  a  cbaf  aeter 
as  anthracite  and  coal,  yet  of  some  nature  intermediate 
between  those  fuels  and  vegetable  tissue,  the  origin  of  all 
varieties.  The  effect  of  vegetation  in  maintaining  the  purity* 
of  the  atmosphere  has  long  been  known.  The  assumption 
that  this  agency  is  sufficient  to  furnish  an  abundant  and  per- 
petual supply  of  fuel  to  mankind  involves  no  new  principle,  but 
it  tends  to  establish  a  new  inference  upon  principles  already 
PBOonDDTCKi— Lit.  &  Phil.  Socttrr— Vol.  T.— No.  6.— Sessiok  1868-66. 
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acknowledged.  liebig  states,  in  his  ^^  Chemistry  in  its 
Application  to  Agriculture  and  Physiology,*'  (8rd  edition), 
that  the  quantity  of  carbon  existing  in  the  atmosphere 
amounts  to  more  than  the  weight  of  all  the  plants  and 
of  all  the  strata  of  mineral  and  brown  coal  existing  on 
the  earth.  This  would  seem  to  fevour  the  notion  that 
the  mineral  and  brown  coal  available  for  combustion 
would  not  affect  the  atmosphere  to  any  serious  extent 
if  consumed.  He  has  assumed  more  carbonic  gas  to 
exist  in  the  atmosphere  (-n^  by  weight)  than  many 
authorities  would  allow.  Moreover,  since  the  book  was 
written  enormous  deposits  of  fiiel  have  been  discovered.  In 
another  passage  Baron  Liebig  seems  to  favour  an  opposite 
view,  for  he  states — **  In  former  ages,  therefore,  the  atmo- 
sphere must  have  contained  less  oxygen,  but  a  much  larger 
proportion  of  carbonic  acid,  than  it  does  at  the  present  time, 
a  circumstance  which  accounts  for  the  richness  and  luxuriance 
of  the  earlier  vegetation."  Dumas  and  Boussingault  say,  in 
their  book  on  the  chemical  and  physiological  balance  of 
organic  nature,  "  If  we  suppose,  then,  that  the  whole  of  the 
carbon  was  diffused  through  the  atmosphere  in  the  shape  of 
carbonic  acid  prior  to  the  creation  of  organised  beings  we 
shall  see  that  the  atmosphere,  instead  of  containing  less  than 
tiie  one-thousand  part  of  its  bulk  of  carbonic  acid  as  at 
present,  must  have  contained  a  quantity  which  it  is  not  easy 
to  estimate,  but  which  was  perhaps  in  the  proportion  of 
3,  4,  5,  6,  and  even  8  per  cent."  Mr.  Hull,  in  his  "  Coal 
Fields  of  Great  Britain,"  taking  4,000  feet  as  the  depth 
capable  of  being  worked,  estimates  the  supply  from  the 
English  and  Welsh  coal  fields  at  60,000,000  tons  for  1,000 
years.  In  the  same  book  it  is  stated  that  the  American 
coal  fields  are  72  times  greater  than  the  English  and  Welsh. 
In  the  reports  furnished  to  the  Admiralty  some  years  back, 
by  Dr.  L.  Playfair  and  Sir  H.  De  la  Beche,  there  is  given  a 
table  showing  the  average  composition  of  Welsh,  Newcastle, 
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Lancashire,  Sootcb,  and  Derbysbire  coal.  Tbe  mean  of  tbese 
numbers  is  as  follows: — Carbon^  80*40 ;  oxygen,  7'16 ;  bydro- 
gen,  5*19.  Subtracting  from  tbe  amount  of  bydiogen  tbe 
quantity  corresponding  to  7*16  of  oxygen  tbere  remain  as 
combustible  material  in  one  part  of  coal— carbon,  0*8040; 
hydrogen,  0*0421.  For  combustion  it  requires  2*4828  parts 
of  oxygen,  and  produces  2*9480  parts  of  carbonic  acid.  Sir 
J.  Herschel,  in  his  **  Meteorology,'*  takes  as  the  approximate 
weight  of  the  atmosphere  llx  10^®  pounds.  If  we  take  as 
the  amount  of  oxygen  in  the  atmosphere  28*04  per  cent  by 
weight,  and  as  the  amount  of  carbonic  acid  *05  per  cent  by 
weight,  the  following  numbers  are  obtained  (assuming 
IXlO^*  pounds  as  the  unit  of  measurement): — Weight  of 
atmosphere  110000;  oxygen  contained  25844,  carbonic  acid 
contained  55;  weight  of  coal,  98*112;  oxygen  required  for 
combustion,  243*59 ;  carbonic  acid  from  combustion  of  coal, 
289*28;  total  carbonic  acid,  844*23;  ratio  of  oxygen  to 
carbonic  acid  at  present,  460*8  to  1 ;  ratio  after  combustion 
of  assumed  quantity  of  fuel,  72*9  to  1 . 

The  last  ratio  can  of  course  only  be  regarded  as  an  approxi- 
mation, but  when  we  take  into  account  all  the  available  fuel 
in  the  world — ^wood,  peat,  lignite,  coal,  anthracite,  also  the 
quantity  of  carbonic  acid  evolved  from  volcanic  districts — and 
remembering  the  opinion  of  a  member  of  this  society,  that  we 
know  little  about  the  difficulties  likely  to  be  encountered  in 
mining  operations  at  a  depth  of  4,000  feet — there  seems  little 
reason  to  doubt  that  the  ratio  of  the  oxygen  to  carbonic  acid 
would  be  reduced  considerably  below  tlie  number  above 
stated,  and  that  the  quantity  of  carbonic  acid  in  the  atmo- 
sphere would  reach  a  point  much  beyond  that  at  which  it 
becomes  deleterious  to  human  life.  It  seems  then  more 
reasonable  to  take  the  alternative  and  maintain  that  the 
carbonic  acid  will  be  de-oxidized,  and  that  there  will  always 
be  an  abundance  of  fuel, 


48 

A  paper  was  read  entitled  *^  Notes  on  the  Origin  of  eeyeral 
Mechanical  Inveutions^  and  their  subsequent  application  to 
different  purposes."    Part  II.    By  J.  C.  Dybb,  V.P. 

The  Employment  of  Sted  for  Transferring  Engravings. 

At  the  beginning  of  this  century,  upon  the  death  of 
Washington,  medals  to  commemorate  that  event  being  called 
for,  Mr.  Jacob  Perkins  (then  a  silversmith  at  Newbury  Port, 
near  Boston)  undertook  to  supply  them,  and,  as  they  were 
required  in  large  numbers  speedily,  he  devised  a  summary 
process  of  transferring  the  engraved  design,  from  prepared 
steel  dies  or  stamps,  by  which  he  obtained  several  from  one 
original  die,  and  thus  a  vast  number  of  medals  were 
rajadly  produced.  Shortly  after  Mr.  Perkins  applied  the 
same  principle  of  transferring  engravings  for  bank  notes,  (m 
which  very  elaborate  designs  were  printed  to  prevent  or 
render  their  being  forged  very-  difficult  by  the  hand  of  the 
engraver.  To  e£foct  this  he  procured  cast  steel  plates,  and 
decarbonated  their  surfaces  to  the  depth  of  about  one- 
sixteenth  of  an  inch,  which  were  thus  converted  into  very 
soft  and  fv/re  iron;  the  letters  and  designs  for  the  notes 
being  then  engraved  upon  them  they  were  case  hardened 
and  tempered  for  use^  but  in  lieu  of  printing  from  these 
plates  they  were  used  as  dies  for  making  others  to  print 
with.  His  next  process  was  to  prepare  a  cast  steel  cylinder, 
which  in  like  manner  was  decarbonated  at  the  surface,  and 
then  under  a  strong  traversing  pressure  it  was  rolled  over  the 
letters  and  figured  engraved  on  the  hardened  plate,  and  these 
engravings  were  taken  up  in  relief  on  the  surfEuse  of  the  soft 
cylinder.  This  cylinder  being  then  hardened  and  tempered, 
was  used  to.transfer,  by  means  of  the  same  traversing  pressure, 
the  entire  work  upon  its  surface,  to  any  number  of  copper  or 
soft  steel  plates  for  printing  with. 

The  adoption  of  this  plan  by  several  banks,  for  having  very 
elaborate  engravings  on  their  notes,  turned  the  counterfeiters 
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upon  other  banks  whose  notes  would  be  so  much  more 
readily  forged,  wMoh  led  to  an  extended  demand  by  the  other 
banks. 

In  the  year  1809  Mr.  Perkins  commmiicated  to  me  the 
details  of  his  process  of  transferring  engravings,  with  a  view 
to  having  the  invention  patented  in  England  for  oip:  joint 
acconnt.  From  the  sncoess  of  his  plan  in  America  its 
adoption  here  was  anticipated,  and  still  farther  development 
ot  it  looked  for  from  the  higher  state  of  die  grapliic  arts  in 
London.  With  this  view  I  took  out  patents,  and  minutely 
specified  ^'  the  method  of  carrying  the  invention  into  effect.^^ 
A  very  beautiful  design  was  then  obtained  from  the  classic 
pencil  of  the  late  Sir  B.  Smirk^  R.A.,  which  was  engraved 
by  Reimback,  on  prepared  steel,  for  printing  bank  notes. 
But  I  could  not  succeed  at  that  time  to  induce  the  Bank  of 
England  or  any  other  bank  to  adopt  the  plan,  nor  could  the 
booksellers  then  be  made  to  perceive  the  importance  of  the 
transferring  system  for  illustrating  books,  for  which  it  has 
since  been  so  extensively  used.  The  -time  had  not  arrived 
when  public  attention  could  be  drawn  to  the  bank  note 
forgeries  as  a  national  evil  and  the  disgrace  of  hanging  men 
for  a  feat  so  readily  performed  as  that  of  forging  the  one 
pound  notes  then  in  general  circulation.  If  any  excuse  can 
be  ofiered  for  this  apathy,  it  may  be  said  that  the  passions 
and  teterests  connected  with  die  war,  together  with  those 
yet  more  embarrassing  that  arose  from  the  transitions  frcMn 
war  to  peace,  caused  such  disturbances  in  the  circulating 
medium  and  in  the  general  interests  of  commerce  and 
industry^  that  it  became  very  difficult  to  awaken  public 
attention  to  the  great  scandal  of  relying  solely  upon  the 
gallows  for  preventing  forgeries. 

It  has  been  above  shown  that  Perkins'  invention  was  not^ 
for  engraving  oh  steel  plates  for  printing,  nor  for  engraving 
upon  steel  at  all,  but  rather  for  engraving  on  soft  iron  of 
hoibogeneous  structure.     It  was  found  that  all  wrought  iron 


50 

is  more  or  less  fibrous  and  unfit  to  receive  delicate  engrar 
vings^  and  that  by  decarbonating  the  surface  of  cast  steel  a 
pure  iron  surfSeu^  was  obtained^  and  this  being  engraved  on, 
was  case  hardened  and  used  for  transferring  and  printing 
as  before  stated.  This  should  be  kept  in  view,  because 
many  persons  have  supposed  that  the  inventi<m  of  Perkins 
was  merely  the  substitution  of  steel  in  the  place  of  copper  for 
engraving  upon;  such  a  substituticm  of  the  one  metal  for  the 
other  would  not  be  an  invention  in  any  fair  sense  of  the 
word.  But  his  method  of  obtaining  soft  iron  surfaces  to 
receive  the  work^  converting  these  surfaces  back  into 
steel,  and  then  transferring  the  engravings  to  other  plates  for 
printing,  comprised  together  a  series  of  novel  processes  which 
confer  lasting  honour  upon  the  inventor. 

After  the  transition  period,  having  better  hopes  of  success, 
I  recommended  Bfr.  Perkins  to  oome  over  himself  to  explain 
his  system  and  aid  the  artists  here  in  putting  it  into  opera- 
tion. Accordingly  in  the  year  1820  Mr.  Perkins  came  to 
E2ngland,  and  being,  over  sanguine,  brought  a  lai^  staff  of 
able  artists,  mechanics,  &c.,  but  he  could  not  bring  any 
money  to  aid  in  establishing  his  intended  works  in  London. 
He  had  assumed  that  capital  could  always  be  obtained  in 
England  for  conducting  any  safe  and  profitable  schemes. 
Now  the  matter  of  proving  his  to  be  such  was  not  easy  to 
establish  with  the  monied  oktsi  ;  so  to  me  alone,  not  •f  that 
class,  he  had  to  look  for  the  entire  expenses  of  his  mission, 
and  this  I  could  only  bear  for  a  few  months.  After  some 
time  the  late  Mr.  Charles  Heath,  the  eminent  engraver,  was 
induced  to  join  Mr.  Perkins  and  become  a  partner  in  the 
engraving  works  which  were  then  commenced  in  Fleet-street, 
and  are  still  continued  by  their  successors. 

Besides  the  printing  on  paper,  Mr.  Perkins'  system  of 
transferring  has  been  since  very  extensively  employed  for 
calico  printing,  and  in  later  years  we  have  also  seen  his  pro- 
cess employed  to  a  vast  extent  in  many  other  departments  of 
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tbe  graphic  art^  such  as  post  ofElce  and  receipt  stamps^  and 
other  prints  that  are  required  in  greater  numbers  than  could 
be  produced  by  other  than  steel  plates  or  stamps.  His 
system  of  engraving  on  steel  has  at  length  become  a  great 
artistic  power,  the  wide-spread  increase  of  which  has  given 
employment  to  labour  and  capital  to  a  vast  extent  in  the 
several  branches  of  art  before  stated,  and  from  which  I 
believe  many  large  fortunes  have  been  made,  but  little  other 
than  *^  toil  and  trouble"  ever  accrued  to  the  inventor  of  them. 
When  any  important  discoveries  in  physical  science  are 
made  they  never  die,  whatever  may  chance  to  their  authors* 
The  new  facts  brought  before  the  public  go  forth  like  seeds 
cast  upon  a  fertile  soil,  yielding  the  fruits  of  continual  pro- 
gress among  the  families  of  men  who  seek  improvement.  It 
seems  only  just  then  that  each  generation  should  transmit  to 
the  next  some  record  of  the  names  of  those  contemporaries  to 
whose  genius  and  talents  all  nations  are  indebted  for  such 
discoveries.  Wherefore,  in  addition  to  the  four  distinguished 
inventors  brought  to  the  notice  of  this  Society  in  my  former 
papers,  I,  have  in  the  present  one  aimed  to  place  that  of 
Jacob  Perkins  as  a  worthy  contributor  to  the  advance  of 
those  branches  of  art  to  which  his  inventions  have  been 
applied. 

Appendix  I. 
On  the  Compreseion  of  Water. 

In  tracing  the  progress  of  steel  engraving  I  had  no  thought 
of  giving  ^  general  account  of  Mr.  Perkins*  researches  in 
physical  science,  yet  it  may  not  be  out  of  place  to  notice  one 
or  two  other  of  his  discoveries. 

(1)  His  experiments  on  the  compressibility  of  water  (made 
some  time  before  he  left  America)  were  to  test  the  correctness 
of  the  doctrine  founded  on  the  Florentine  experiments,  that 
water  was  a  non-elastic  body^  which  was  then  generally 
taught  in  the  schools  and  elementary  works.    At  that  time 
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BIr.  Perkins  had  never  heard  of  the  experiments  of  Canton, 
(made  some  fifty  years  before)  which  had  established  the  com- 
pressibility of  water.  Although  by  Mr.  Perkins*  experiments 
its  discovery  was  not  strictly  new  yet  they  were  of  high 
scientific  value,  because  of  the  widely  different  compressing 
forces  employed  by  him  and  by  Canton,  the  latter  having 
applied  the  pressure  from  half  an  atmosphere  to  two  atmo- 
spheres, say  from  seven  and  a  half  to  thirty  pounds  a  square 
inch,  whilst  that  employed  by  Perkins  was  from  fifty  to  four 
hundred  atmospheres,  or  from  750  lbs.  to  6,000  lbs.  per  inch. 
The  same  rate  of  compression  appeared  in  all  his  experiments, 
which  corresponded  with  that  shown  by  Canton's  experi- 
ments, and  in  all  of  which  the  water  was  compressed  in 
volume  directly  as  the  compressing  forces. 

The  apparatus  employed  by  Perkins  was  first  a  cast  iroa 
cylinder,  about  three  inches  thick,  with  a  movable  top  of 
equal  strength ;  this,  filled  with  water,  had  a  force  pump  (as 
in  the  hydraulic  press)  to  measure  the  pressure  within  by  the 
leverage  and  size  of  the  induction  pipe.  Snd.  A  small 
brass  cylinder,  with  a  piston  to  slide  in  it,  water  tight, 
about  three  quarters  of  an  inch  diameter,  and  to  have  a 
column  of  water  ten  inches  long  under  the  piston.  The 
piston  rod,  graduated  to  divisions  of  a  hundred  to  the  inch, 
had  a  sliding  ring  on  it,  to  be  pressed  upon  the  rod  as  it  was 
forced  down  upon  thja  enclosed  water,  thus  marking  in  the 
hundreths  of  an  inch  the  descent  of  the  rod ;  the  brass  cylinder, 
being  under  the  same  pressure  inside  and  out,  was  not  sub- 
ject to  any  strain  to  alter  its  capacity.  3ixi.  When  the 
external  pressure  was  removed,  the  water  in  the  brass  cylinder 
expanding  to  its  original  length  and  raising  the  piston  rod, 
would  of  course  mark  the  greatest  compression  effected.  In 
each  experiment  the  diminished  bulk  of  water  was  directly 
as  the  pressure  applied,  and  under  the  pressure  of  100  atmo- 
spheres the  bufk  of  the  veatcr  was  reduced  one  part  in  a 
hundred,  and,  as  before  mentioned,  this  rate  proved  to  \»^!hte 
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sifiAe  «s  that  shown  by  the  experiments  of  Cauton.  Some 
time  after  Professor  Oersted  made  similar  experiments  by 
employing  a  stout  glass  vessisl  and  using  a  column  of  mercury 
to  give  the  .pressure^  baying  the  like  inside  cylinder  as  that 
of  Pedkins  to  mark  the  result,  which  confirmed  the  same  rate 
as  that  shown  by  Perkins  and  Canton. 

Appbndix  II. 
On  PerhiMf  Siaam  Qwu 

Mr.  Peildns  eonceired  the  idea  of  employing  steam  at  a 
Tery  hi^  pressure  for  discharging  projectiles  with  greater 
rapidity  and  effect  than  could  be  done  by  the  common  use  of 
gunpowder.  To  effect  this  object  he  devised  a  plan  for 
heatkig  water  more  intensely  than  could  be  done  by  any 
boflere  then  known,  viz. — that  of  employing  a  great  number 
of  iron  or  copper  tubes,  with  their  ends  fastened  into  plates, 
with  chambers  or  cavities  for  receiving  the  water  at  one  end 
and  emitting  the  steam  at  the  other. 

This  apparatus  was  placed  in  the  midst  of  a  furnace  for  the 
beat  to  act  (Mrectly  on  the  water  in  the  tubes,  and  thus,  as 
Mr.  Perkins  phrased  it,  the  water  could  be  made  red  hot  and 
flash  into  steam  with  a  force  exceedmg  that  of  gunpowder. 
Then  a  gun  barrel,  wltb  its  breech  opposite  the  valve  opening 
from  the  steam  chamber,  and  an  apparatus  for  conducting  the 
balls  into  the  space  between  the  breech  of  the  barrel  and  the 
outlet  of  the  steam,  and,  the  valve  opening  at  the  same  time, 
tbe  steam  issued  and  propelled  the  balls  through  the  gun  ia 
rapid  succession  with  a  force  about  equal  to  common  powder, 
which  could  be  continued  as  long  as  the  heat  of  the  furnace 
Qould  keep  up  the  pressure.  He  found  that  from  fifty  to  a 
hundred  balls  per  minute  were  shot  forth  to  a  target,  about 
one  hundred  yards,  with  a  force  nearly  equal  to  that  of  a 
common  musket,  and  of  course  by  having  ten  such  guns  fixed 
to  the  same  furnace,  from  500  to  1,000  balls  mig^t  be  dis^ 
charged  per  minute.     His  experiments  were  witnessed  by  the 
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Duke  of  Wellington  and  many  other  eminent  men,  who  took 
much  interest  in  them. 

The  non-adoption  of  his  system  arose  from  several  radical 
defects  in  it — first,  the  danger  from  fire  of  having  snch  a 
cumbrous  funface  on  a  ship;  second,  the  time  required  to 
get  up  the  steam  in  case  of  sudden  encounter  with  an  enemy, 
which  might  lead  to  a  surrender  before  a  shot  could  be  thrown 
from  the  steam  battery ;  third,  by  unequal  heating  the  tubes 
sometimes  gave  way,  allowing  the  water  to  escape,  and 
though  the  quantity  being  small  would  not  cause  explosions, 
leaks  would  deaden  the  fire  and  stop  the  action  of  the  guns, 
and  any  suspension  in  the  midst  of  action  must  be  &tal  to  the 
ship  using  such  a  weapon.  Still  the  after  interest  attached 
to  the  plan  of  the  tubular  boilers  came  from  reversing  the 
scheme  used  by  Perkins,  viz. — employing  the  tubes  as  flues 
for  the  fire,  to  convey  the  heat  through  the  tubes  to  the  water 
surrounding,  then,  in  an  outer  boiler,  by  this  method,  without 
damaging  the  tubes,  it  is  found  that  high  pressure  steam  can 
be  employed  with  safety  and  advantage,  so  that  Mr.  Perkins' 
invention  was  not  barren  to  the  outer  world,  since  his  tubular 
boilers  led  to  their  extended  employment  in  railway  and  steam* 
boat  engines,  and  were,  I  believe,  first  employed  by  Stephenson 
a  few  years  after  the  steam  gun  experiments  had  been  put 
<<  hors  de  combat.** 

NOTE. 

Although  it  is  needless  to  desorihe  the  process  of  case  hardening,  so 
generally  known,  it  may  he  well  to  explain  that  of  deoarhonising  the  steel 
plates  for  engraving.  This  process  ii  as  follows : — ^The  prepared  steel  platet 
are  placed  in  a  cast-iron  box,  and  corered  .about  an  inch  deep  with  an  oxide 
of  iron,  prepared  by  subjecting  iron  Blings  to  alternate  wetting  and  drying 
until  thcT^are  mostly  oonrerted  into^red]oxide.  Orer  this  ooyering  a  day 
luting  is  placed  so  as  to  exclude  the  air,  and  the  box  is  then  placed  in  a 
furnace  and  kept  at  a  red  heat  for  about  sixty  hours,  when  the  oxide  in 
contact  withjthe  steel  will  haye  taken  up  the  carbon  from  its  sur&ce  to  the 
depth  of  about  a  sixteenth  of  an  inch,  and  thus  oonrert  the  sur&ce  into 
pure  iron,  as  mentioned  in  the  text. 
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Engraving  of  Mr.  J.  B.  Dancer^s  method  of  illuminating 
opaque  objects  under  the  high  powers  of  the  microscope. 


At  A  is  shown  a  concave  mirror,  having  a  vertical  and 
horizontal  movement,  mounted  over  the  oblique  body  of  a 
binocular  microscope.  By  this  mirror  the  light  is  reflected 
down  to  die  Wenham's  prism,  and  thence  through  the 
objective  to  the  object. 

Another  method. 
B  is  a  representation  of  a  small  speculum  fixed  at  the 
end  of  a  brass  wire.  This  is  inserted  into  the  vertical  body 
just  over  the  fine  motion  tube  at  C.  The  speculum  receives 
light  at  the  side  of  the  microscope  at  D,  and  refiects  it  down 
through  the  objective  to  the  object.  If  there  is  any  obstacle 
in  the  way  of  attaching  the  small  speculum  in  the  vertical 
body  as  shown  at  C,  it  could  be  fitted  to  an  adapting  ring 
between  the  body  and  the  objective. 
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PHYSICAL   AND   MATHKBIATIOAL  SECTION. 
December  7th,  1865. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

A  paper  was  read  ^'  On  the  NoTember  Meteors,  as  observed 
at  Woodcroft,  Cuckfield,  Sussex,  November  12-13,  1865," 
by  Gborgb  Knott,  Esq.,  F.R.A.S.,  communicated  by  Joseph 
Baxendell,  F.R.A.S. 

The  night  of  November  12th  being  fine,  Mrs.  Knott  and 
myself  were  enabled  to  watch  under  favourable  circumstances 
for  the  meteor-shower,  of  which  warning  had  been  given  at 
the  last  meeting  of  the  Royal  Astronomical  Society. 

An  occasional  examination  of  the  sky  during  the  earlier 
part  of  the  night  did  not  reveal  a  single  meteor,  but  as  a 
systematic  watch  was  not  commenced  before  midnight,  too 
much  weight  must  not  be  attached  to  thi?  circumstance. 
Our  station  commanded  a  clear  view  of  the  southern  half  of 
the  horizon,  but  towards  the  north  the  view  was  obstructed 
by  the  house.  Between  12h.  and  Ih.  a.m.  we  counted  39 
meteors,  giving  an  average  of  rather  more  than  0*6  per 
minute;  the  next  65m.  added  61  to  the  number,  giving  an 
average  of  1*1  per  minute.  After  half  an  hour's  interval  we 
resumed  our  watch  at  2h.  25m.  a.m.,  and  between  that  hour 
and  3h.  5m.,  when  we  ceased  observing,  we  noted  55  meteors, 
showing  that  the  average  had  risen  to  1*4  per  minute.  The 
observations  of  the  last  40  minutes  showed  clearly  that  tlie 
radiant point'WdA  in  the  immediate  vicinity  of  the  star  ?  Leonis, 
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or,  perhaps,  between  that  star  and  €  and  fio{  the  same  constel* 
laiion,  the  neighbourhood  in  fact  of  what  the  Rev.  C. 
Pritchard  happily  terms  the  "qtwc  of  the  earth's  %oay!^ 
The  paths  of  a  few  meteors  seemed  to  suggest  a  second 
^radiant  point  in  the  neighbourhood  of  /3  Tauri,  but  the 
observed  flights  were  too  few  to  afford  satis&ctory  evidence 
on  the  point* 

We  remarked  a  strong  tendency  of  the  meteors  to  occur 
m  groups,  four  or  five,  and  in  some  oases  more,  appearing 
one  after  the  other  in  quick  succession,  followed  by  a  lull, 
during  which  none  were  seen.  We  did  not  notice  any  of 
very  remarkable  brilliancy ,  they  ranged  for  the  most  part 
from  that  of  stars  of  the  first  magnitude  downwards,  in  the 
majority  of  instances  leaving  a  train  behind  them,  which  in 
several  case^  remained  visible  for  some  little  time  after  the 
main  body  of  the  meteor  had  disappeared. 

Among  such  numbers  it  would  hardly  be  possible,  in  all 
likelihood,  to  identify  individuals ;  I  may  just  notice,  how- 
ever, that  at  2h.  42m.  SOs.  a  bright  meteor  passed  precisely 
over  a  Orionis,  leaving  a  train  which  remained  visible  for  a 
few  seconds,  on  which  the  star  had  the  curious  appearance  of 
being  threaded.  .The  meteor  passed  in  the  directicm  of  y 
Orionis,  its  time  of  flight  being  about  one  second,  and  the 
length  of  its  path,  of  which  a  Orionis  was  about  the  middle 
point,  10''  or  12^  Of  course,  in  the  case  of  an  unpractised 
observer,  these  data  must  of  necessity  be  very  rough,  and.  I 
much  regret  that  I  was  not  at  the  time  acquainted  with  Mr. 
Herschers  ingenious  alphabetic  chronometer. 

In  the  last  number  of  the  Abbe  Moigno's  serial  ^^  Les  Mondes,'' 
I  find  the  following  observations  by  M.  Coulvier-Ghrayier ; — 
''  Night  of  the  12-13  November.  First  hours  of  die  night 
up  to  4  a.m.,  287  meteors  observed,  or  about  29*7  per 
hour ;  from  4h.  to  5h«,  96  meteors,  or  on  the  average  1*6  per 
minute ;  from  5h.  to  6h.,  4S  mete<»rs,  or  0*7  per  minute." 
A  comparison  of  these  results  with  those  of  our  own  obser- 
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▼ations,  wonld  eeem  to  indicate  not  only  that  there  was  no 
yery  material  increase  in  the  average  nnmher  of  meteors  per 
minute  as  the  morning  advanced,  bat  also  that  the  display 
was  already  on  the  decline  before  dayUght  pot  an  end  to 
observation.  At  the  same  time  it  is  to  be  noticed  that, 
according  to  the  observations  of  BL  Coolvier-Grravier,  meteors 
in  more  than  average  numbers,  indeed  very  considerably  so, 
were  to  be  seen  on  the  night  of  the  lS-14  November ;  he 
observed,  '^  although  the  sky  was  almost  constantly  clouded, 
72  meteors,  of  which  86  appeared  between  the  hours  of  4 
and  6  a.m.,  when  only  0*2  of  the  sky  was  clear/'  But  in  any 
case,  so  far  as  present  accounts  are  concerned,  it  would 
appear  that  the  display  this  year  was  by  no  means  a  very 
extraordinary  one. 

The  position  of  Mr.  Knott's  Observatory  is  Lat  6V  V  41' 
N.,Long.(r.0'.84^W. 

In  the  discussion  which  ensued  Mr.  Thomas  Heelis, 
F.B.A.S.,  pointed  out  the  advantage  first  suggested  by 
Quetelet,  in  1841^  of  recording  not  only  the  position  of  the 
radiant  point  but  also  the  mean  distance  from  such  point  at 
which  the  meteors  became  visible ;  and  Mr.  Baxendell'  con- 
curred in  this,  stating  Ijbat  he  had  himself,  in  the  display  of 
1838,  noted  that  the  meteors  had  apparently  lain  in  at  least 
two  strata,  each  stratum  having  its  peculiar  mean  distance 
of  apparition  from  the  radiant  point. 

Mr.  Heelis  also  called  attention  to  the  danger  which 
appeared  to  him  to  exist  of  forming  a  theory  of  meteors  from 
observations  taken  from  a  one-sided  point  of  view,  and  urged 
that  as  the  observations  of  M.  Goulvier-Grravier,  in  France, 
had  led  him  to  the  conclusion  that  all  meteors  were  atmo- 
spheric, whilst  the  form  adopted  by  the  British  Association 
had  been  framed  by  a  committee  the  members  of  which 
regarded  all  meteors  as  cosmical,  each  form  should  in  the 
interests  of  truth  be  so  far  altered  as  to  inclose,  whea 
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practicable,  not  only  the  particulars  already  noted,  but  also 
some  of  the  atmospheric  conditions,  both  at  the  time  of 
observation  and  also  at  a  given  time  afterwards,  which  Mr. 
Baxendell  suggested  should  not  be  less  than  24  hours. 

Exception  was  Ukewise  taken  to  the  exclusion,  by  the 
members  of  the  committee,  of  small  meteors  from  their 
catalogue. 

Mr.  Baxendell  added  that  to  his  mind  one  of  the  greatest 
objections  to  the  cosmical  theory  was  that  the  constant  deposit 
during  thousands  of  years  of  the  remains  of  meteors  upon  the 
surface  of  the  earth,  had  not  altered  the  time  of  diurnal 
rotation. 

The  general  opinion  of  the  section  appeared  to  be  that  no 
one  origin  ought  to  be  exclusively  assigned  to  meteors,  and 
that  both  the  cosmical  and  atmospheric  theories,  if  pushed  to 
the  exclusion  of  each  other,  were  wrong. 

Mr.  Baxbndbll  referring  to  his  paper  **  On  the  Variable 
Star  S  Delphini'*  (see  page  US)  read  the  following  extract  of 
a  letter  he  bad  received  from  Mr.  Knott : — 

^^  I  was  much  interested  in  your  remarks  on  our  different 
modes  of  drawing  the  light-curves  of  variable  stars.  You 
were  quite  correct  in  your  statement  that  I  have  been  in 
the  habit  of  regarding  deviations  from  an  even  curve  as  due 
mainly  to  errors  of  observation.  I  have,  however,  recently 
felt  that  this  hypothesis  was  not  quite  a  satisfactory  one, 
and  have  been  on  the  point  of  broaching  the  question  to 
you  once  or  twice ;  and  the  recent  projection  of  observations 
of  R  Vulpeculee  has  strongly  confirmed  my  suspicions.  I 
enclose  a  projection  of  my  observations  of  this  star  for  the 
last  maximum  and  minimum.  You  will  at  once  see  the 
marked  dislocation  in  the  ascending  curve.  An  even  curve 
would  give  an  apparent  error  of  observation  on  August  24 
amounting  to  about  half  a  magnitude ;  yet  my  li^ht  estimates 
on  that  day  were  R  Vulpecul8B=«+2=/=^ — 8,  the  magni- 
tudes of  the  comparison  stars  being  9'&9  9*7,  and  10*0,  and 


60 

the  resuhiog  values  of  die  majgnitude  of  R  for  the  nig^t 
being  therefore  9*7,  9'7)  9*7.  It  is  difficult  to  unagine  I 
could  have  made  an  error  of  half  a  magnitude  here !  The 
descending  curve  is,  you  will  see,  very  regular.  It  seems 
to  me  that  this  is  rather  an  interesting  point  in  variable  star 
observations,  and  worthy  of  some  study." 

I'he  projection  of  the  observations  of  R  Vnlpeeiito 
referred  to  in  this  extract  was  exhibited  to  the  meeting, 
and  the  general  impression  of  the  members  preset  seemed 
to  be  that  die  irregularity  in  the  ascending  part  of  die  curve 
could  not  £urly  be  attributed  to  errors  of  observation. 
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Oxdwary  Meeting,  December  26tli,  1866. 

B.  An«u8  Siixvs,  Pk.D.,  F.E.S.,1^.^  PresideiU;, 
ia  ihe  Gb^ir. 

Bfr.  Henry  IKmpsons  M.D.,  was  elected  an  Ondinary 
Member  of  the  Soriety. 

Mr.  BrffN«r  ¥:BS»,  F.O.4.,  eriribked  «ome  cfingular  ed- 
careous  oodcdes  found  m  Ae  lower  eoal  seams  of  Lancashire 
and  Yorkshire,  full  of  beautiful  specimeas  of  fossil  wood, 
showing  structure  etFon  to  the  smallest  stties  of  the  tubes. 
These  nodules  were  found  in  sereral  seams  of  coal,  but  were 
idways  associated,  so  fiir  as  yet  l&nown,  with  beds  of  fessii 
shc^  lying  rmmeditttely  shore  them. 

In  one  tnstanee  the  beds  occurred  in  the  following 
descending  order,  namely  :  -->- 

9k  In. 

I.  Black  shale  full  of  shells  of  the  genera  Avieulo- 
pedm,  OoniatUei,  Poiidoma,  &o,f  and  con- 
taining calcareous  concretions  enclosing 
aJTwiliir  sheHs  1     6 

I.  Seam  of  caking  coal  with  the  nodides  contain- 

hig  fhe  fofl^  plants 2    0 

3.  Floor  of  fire  oky  and  gannister,  full  of  S^- 

moHaJteoides   S    6 

The  fossil  wood  is  found  in  nodules  dispersed  throughout 
the  coal,  some  being  spherical,  and  others  elongated  and  flat- 
tened ovals,  varying  in  size  from  the  bulk  of  a  common  pea 
to  eight  and  ten  inches  in  diameter.  In  some  portions  of  the 
seam  of  coal  the  nodules  are  so  numerous  as  to  render  it 
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utterly  useless,  and  they  will  occur  over  a  space  of  several 
acres,  and  then  for  the  most  part  disappear  and  again  occur 
as  numerous  as  ever.  For  a  distance  of  twenty-five  to  thirty 
miles  the  nodules  occur  in  this  seam  of  coal  in  more  or  less 
abundance,  but  always,  so  far  as  yet  known,  containing  the 
same  plants.  Fossil  shells  are  rarely  met  with  in  the  nodules 
found  in  the  coal,  but  they  occur  abundantly  in  the  large 
calcareous  concretions  found  in  the  roof  of  the  mine,  and  are 
there  associated  with  DadoxyUm  containing  Stembergia  piths, 
which  plant  had  not  been  noticed  in  the  coal,  and  Lepido- 
strobus.  So  far  as  his  experience  extended,  the  nodules  in 
the  coal  were  always  found  associated  with  the  occurrence  of 
fossil  shells  in  the  roof,  and  were  probably  ovnng  to  the  pre- 
sence of  mineral  matter  held  in  solution  in  wat^  and  preci- 
pitated upon  or  aggr^ated  around  certain  centres  in  the 
mass  of  the  vegetable  matter  now  forming  coal  before  the 
bituminization  of  such  vegetables  took  place.  No  doubt  such 
nodules  contain  a  fair  sample  of  the  plants  of  which  the  seams 
of  coal  in  which  they  are  found  were  formed,  and  their  calci- 
fication was  most  probably  in  a  great  measure  due  to  the 
abundance  of  shells  afterwards  accumulated  in  the  soft  mud 
now  forming  the  shale  overlying  the  coal.  These  shells,  on 
their  decomposition,  would  yield  most  of  the  minerals  now 
found  in  the  fossil  wood,  whilst  the  surrounding  salt  water 
and  vegetables  would  supply  the  remainder. 

The  specimen  oiSigiUaria  vasctdaris  exhibited  was  of  an 
irregular  oval  shape,  one  foot  three  inches  in  circumference, 
had  the  ribs  and  furrows  well  shown  on  the  outside  of  the 
decorticated  stem,  and  afforded  evidence  of  the  structure  of 
the  original  plant  from  the  centre  to  the  circumference.  In 
the  middle  was  a  light  coloured  cylinder  of  about  an  inch  in 
diameter,  which  appeared  to  be  composed  of  carbonate  of  lime 
and  carbonate  of  magnesia.  The  remainder  of  the  specimen 
was  of  a  much  darker  colour.  By  the  kindness  of  our  Presi- 
dent an  analysis  was  made  in  his  laboratory,  by  Mr.  Browning, 
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of  a  fidr  sample  of  the  bulk  of  the  dark  part  of  the  specimen* 

This  gave 

Sulphates  of  potash  and  soda 1'62 

Carbonate  of  lime  45-61 

Carbonate  of  magnesia   26*91 

Bisulphide  of  iron  11*66 

Oxides  of  iron ^ 13-578 

SiUca  0-23 

Moisture 0.402 

The  minutest  vessels  of  the  central  axis  and  the  internal 
radiating  cylinder  of  the  plant,  with  their  finely  striated  sides, 
were  preserved  nearly  as  perfectly  as  in  the  living  plants 
without  affording  evidence  of  disarrangement  from  pressure 
or  chemical  change. 

From  the  position  where  the  calcareous  nodules  occur, 
namely  in  the  middle  of  the  seam  of  coal,  they  must  have 
have  been  formed  when  the  coal  was  in  a  soft  and  pulpy 
state  and  in  the  same  shape  and  condition  in  which  they  are 
now  found,  something  similar  to  such  nodules  in  a  peat  bog 
of  the  present  day.  Instances  have  been  known  of  hazel  nuts 
placed  in  a  damp  calcareous  deposit  having  had  all  their 
kernels  removed  and  replaced  by  carbonate  of  lime  while  the 
woody  portion  of  the  nutshell  remained  little  altered,  but  in 
this  case  the  form  of  the  starchy  granules  and  original  cellular 
tissue  had  not  been  preserved. 

From  the  analysis  previously  given  it  is  evident  that  the 
waters  in  which  the  nodides  were  formed  contained  a  consi- 
derable amount  of  sulphuric  acid,  probably  as  much  as  would 
act  on  the  cellular  tissue  and  woody  fibre  of  the  vegetables  so 
as  to  convert  them  into  colloids.  If  this  be  assumed  to  be 
the  case,  then  we  might  by  the  laws  of  liquid  diffusion  given 
by  Mr.  Thomas  Graham,  F.R.S.,  Master  of  the  Mint,  in  his 
valuable  paper  printed  in  the  Philoscphical  Transactions  for 
1861,  suppose  that  the  crystalloids  now  forming  the  light 
coloured  cylinder  in  the  middle  of  the  specimen  could  have  a 
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fvee  pmsage  fromtiw  diemnftreaoo  to  the  centce^md  v^koe 
molecule  by  molecule  the  particles  of  the  original  TegetaUe, 
and  all  its  beautiful  and  delicate  straotore  just  as  we  now  see 
it  preserred  in  the  stone.  However,  before  cbdjntis  could  be 
held  to  account  satisfactorily  for  the  plieiiomen*  above  stated, 
a  good  many  experiments  on  recent  woods  would  have  to  be 
made,  and  more  attention  devoted  to  the  snbjeet  tiian  he 
(Mr.  Binney)  would  be  able  to  give. 

The  specimens  exhibited  were  a  portion  of  those  described 
in  a  paper  in  the  Philoacpkioal  TrmuaeHcm  ot  this  year« 


MIOEOSOOPIOAL  AITO  NATURAli  HISTORY  SECTIONS. 

December  ISth,  1865w 

J.  B.  Dancbk,  F.B.A.S.,  in  the  Chair. 

Mr.  Parry  exhibited  some  sections  of  fossil  wood  and 
Echinus  spines,  most  beautifully  cut  by  Mr.  John  Butter- 
worth,  of  Oldham,  and  presented  some  of  the  slides  to  the 
Section. 

Mr.  Parry  also  presented  to  the  meeting,  for  distribution 
among  the  members,  mounted  slides  of  the  contents  of  a 
shark's  stomach,  from  the  Madras  coast,  consisting  almost 
entirely  of  Diatomacess. 

Mr«  Hurst  then  made  a  few  remarks  on  late  im  prove- 
ments  in  illuminating  opaque  objects  under  the  higher 
powers  of  the  microscope.  He  said  they  consisted  of  three 
different  methods.  Firstly,  that  of  H.  E.  Smith,  of  Kenyon 
College,  America,  described  in  the  "English**  Mechanics* 
Magazine  of  the  20th  October,  1865,  in  an  extract  from  the 
American  Journal  of  Science  and  Arts.  This  gentleman 
employed  a  box,  or  adaptor,  between  the  object  glass  and  l&e 
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Wenbaia's  Prism  of  the  bimculax^  with  a  side  perforation 
opposite  to  which  was  a  small  silver  reflector  or  a  comoion 
thia  gjlasa  caver^  acting,  as  a  mirror  aod  oapable  of  adJAistment 
to  any  angle — thus  enabling  it  to  throw  the,  rays  of  light 
admitted  by  the  side  apertuie  through  the  object  glass 
down  on  to  the  object  itself. 

Th^  disadvantage  of  this  method  is  that  all  adaptors 
cause  unsteadiness^  and  however  skilfally  constructed 
ii^ure  the  aocurate  centering  of  the  object  glass,  and  while 
on  the  one  hand  the  thin  glass  cover  appears  to  produce  some 
distortioa  of  die  image^  the  reflector  so  near  the  object 
necessarily  casts  off  a  number  of  the  rays  proceeding  from 
it.  This  plan  also  seems  tp  require  l^unp  light  and  die  use 
ot  9L  CKtaAmaei^  M^sssrs.  Smith  apd  B^k  ^f^^  to  have 
pateDited  the  use  of  the  thin  glass  covec. 

Secondly,  a  modification  of  the  fbti^Koing  by  I^Ir.  Dancer, 
of  this  Section^  who  pliu^es  the  tbinglaas  or  reflector  between 
the  eyepiece  auji  the  WenhMv  prism,  cutting  an  aperture  in 
the  body  of  the  oaicroscope  to  admit  the  light*  ThU  dis- 
penses with  the  objection  inherent  tQ  adaptors,,  and  theoreti- 
cally seems  the  most  perfect  of  these  new  methods;  but  Mr. 
Hurst's  experience  in  its  use  was  a^  yet  too  limited  to  fof^n 
an  opinion.  He  hc^ed  hoin^ever  to  x^o^  on  the  sul(}ect  at 
the  next  meeting. 

Thirdly,  that  invented  by  Mr.  Dancer,  who  places  a 
circular  mirror  over  the  oblique  tube  of  the  microscope, 
previously  removing  the  eye  piece:  the  light  is  thrown 
down  to  the  Wenham's  prism,  and  theuce  through  the 
objective  on  to  the  object.  The  only  disadvantage  of  this 
method  was  that  of  not  admitting  of  binocular  vision; 
otherwise  its  simplicity,  cheapness,  and  great  facility  of 
adjustment  render  it  far  'preferable  to  the  others,  while  its 
effects  are  fully  equal  to  theirs.  It  answers  moreover  equally 
well  by  day  or  lamp  light,  and  does  not  require  a  condenser, 
to  be  used.     Mr.  Hurst  thought  every  binocular  microscope 
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would  be  fitted  with  it  when  their  owners  had  seen  its 
working. 

Mr.  Hurst  wished  meanwhile  to  draw  the  particular  atten- 
tion of  the  members  to  the  extraordinary  beauty  and  clear- 
ness with  which  opaque  objects — ^hitherto  the  despair  of 
microscopists — were  displayed  by  these  methods  of  illumina- 
tion, some  being  shown  as  clearly  as  if  enlarged  into  a  rela- 
tively gigantic  model  and  viewed  by  the  naked  eye.  Another 
peculiarity  connected  with  them  is,  that  as  the  object  glass 
itself  acts  as  a  condenser,  the  amount  of  light  is  increased 
with  the  magnifying  power  of  the  object  glass,  contrary  to 
the  effect  of  other  modes  of  illumination. 

Mr.  Hurst  thought  the  subject  was  in  its  infancy  and  that 
great  improvements  would  yet  be  made,  but  that  the  idea  of 
Mr.  H.  E.  Smith,  of  making  the  object  glass  its  own  illunti- 
nator,  would  prove  to  be  one  of  the  greatest  steps  in  modem 
microscopic  science,  and,  as  improved  upon  by  Mr.  Dancer,  it 
was  one  so  costless  in  price  and  rapid  in  its  adjustment  that 
every  microscopist,  however  economical  either  of  time  or 
money,  could  readily  avail  of  its  assistance. 

Mr.  Coward  then  exhibited  some  interesting  plants  from 
India,  illustrating  abnormal  forms  of  different  natural  fami- 
lies, especially  of  Leguminose®. 
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Ordinary  Meeting,  January  9th,  1866. 

B.  Angus  Smith,  Ph.D.,  F.R.S.,  &c..  President, 
in  the  Chair. 

Mr.  Eddowbs  Bowman,  M.A.,  gave  an  extended  series  of 
striking  illustrations  of  the  principal  phenomena  of  polarised 
light 


PHOTOaBAPHICAL     SECTION. 

December  14th,  1865. 

J.  P.  JouLB,  LL.D.,  F.R.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

Mr.  Joseph  Sidebotham  read  a  paper  ''  On  the  Applica- 
tion of  Measuring  Rods  to  Photographic  Pictures." 

The  author  referred  to  a  paper  on  this  subject  read  last 
Session  {Proceedingsy  vol.  iv  ,  p.  118),  in  which  he  advocated 
the  use  of  graduated  rods  being  placed  in  certain  positions  in 
buildings  or  landscapes  of  which  phot(^pttphs  were  to  be 
taken,  whereby  correct  measurements  might  be  afterwards 
made  on  the  finished  picture.  He  now  briefly  alluded  to 
certain  corrections  which  would  be  necessary  before  these 
measurements  could  be  considered  perfectly  accurate. 
Fbooiedikgs— Lit.  A  Phil.  Sooibtt— Vol.  V.— No.  8.— Snnoir  1866-66. 
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Professor  C.  Piazzi  Smyth  had  made  great  use  of  this  plan 
during  his  investigations  at  the  great  pyramid  last  winter, 
and  had  kindly  allowed  a  selection  of  forty  of  his  pictures  to 
hfi  exhibited  to  the  members  as  illustrations.  The  pictures 
were  exhibited  by  th&  oxyhydrogen  light  on  the  screen*  and 
were  admirable  photographs.  They  consisted  of  a  series  of 
views  of  the  exterior  and  interior  of  the  tomb  of  King  Shafra, 
recently  excavated  near  the  great  sphynx.  A  series  of  four 
of  these,  taken  to  show  the  correct  orientation  of  one  of  the 
passages,  are  very  remarkable,  having  been  taken  two  minutes 
before  twelve,  twelve  o'clock,  and  two  minutes  past,  true 
astronomical  time.  Views  were  also  exhibited  of  the  entrance 
to  the  great  pyramid,  the  socket  in  which  the  comer  stone 
had  rested,  also  views  of  the  niche  in  Queen's  Chamber,  and 
the  mysterious  coffer  in  the  so^^alled  King's  Chamber,  the 
object  of  so  much  interest  and  speculation.  These  interior 
views  were  taken  by  the  aid  of  the  magnesium  light,  and, 
considering  the  many  difficulties  to  be  overcome,  are  very 
good  photographs.  The  divisions  on  the  measuring  rods 
surrounding  the  coffer  are  exceedingly  plain,  and  by  the 
application  of  a  pair  of  compasses  a  tolerably  correct  measure- 
ment may  be  obtained. 

A  paper  was  then  read  "  On  Celestial  Photography,*'  by 
A.  Brothbrs,  F.R.A.S. 

The  credit  of  having  produced  the  first  photograph  of  a 
celestial  object  is  generally  given  to  the  late  Mr.  Bond,  of 
Cambridge,  U.S. ;  but  it  appears  from  a  paper  by  Professor 
H.  Draper,  of  New  York,  published  in  April,  1864,  that  in 
the  year  1840  his  father.  Dr.  J.  W.  Draper,  was  the  first 
who  succeeded  in  photographing  the  moon.  Dr.  Draper 
states  that  at  the  time  named  (1840),  "it  was  generally 
supposed  the  moon's  light  contained  no  actinic  rays,  and  was 
entirely  without  effect  on  the  sensitive  silver  compounds 
used  in  Daguerreotyping."     With  a  telescope  of  five  inches 
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aperture  Dr.  Draper  obtained  pictures  on  silver  plates,  and 
presented  them  to  the  Lyceum  of  Natural  History  of  New 
York.  Daguerre  is  stated  to  have  made  an  unsuccessful 
attempt  to  photograph  the  moon,  but  I  have  been  unable  to 
ascertain  when  this  experiment  was  made. 

Mr.  Bond's  photographs  of  the  moon  were  made  in  1850. 
The  telescope  used  by  him  was  the  Cambridge  (U.S.)  refrac- 
tor of  fifteen  inches  aperture,  which  gave  an  image  of  the 
moon  at  the  focus  of  the  object  glass  two  inches  in  diameter. 
Daguerreotypes  and  pictures  on  glass  mounted  for  the  stereo- 
scope were  thus  obtained,  and  some  of  them  were  shown  at 
the  Great  Exhibition  of  1851,  in  London.  Mr.  Bond  also 
proved  the  advantage  to  be  derived  from  photographs  of 
double  stars,  and  found  that  their  distances  could  be  measured 
on  the  plate  with  results  agreeing  well  with  those  obtained 
by  direct  measurement  with  the  micrometer. 

Between  the  years  1850  and  1857  we  find  the  names  of 
Father  Secchi  in  Rome,  and  MM.  Berch  and  Amauld  in 
France ;  and  in  England,  Professor  Phillips,  Mr.  Hartnup, 
Mr.  Crookes,  Mr.  De  la  Rue,  Mr.  Fry,  and  Mr.  Huggins. 
To  these  may  be  added  the  name  of  Mr.  Dancer,  of  Man- 
chester, who,  in  February,  1852,  made  some  negatives  of  the 
moon  with  a  fi)ur  and  a-quarter  inch  object  glass.  They 
were  small,  but  of  such  excellence  that  they  would  bear 
examination  under  the  microscope  with  a  three-inch  objective, 
and  they  are  beHeved  to  be  the  first  ever  taken  in  this  country. 
Mr.  BaxeiiQell  and  Mr.  Williamson,  also  of  Manchester,  were 
engaged  about  the  same  time  in  producing  photographs  of 
the  moon. 

The  first  detailed  account  of  experiments  in  celestial 
photography  which  I  have  met  with  is  by  Professor  Phillips, 
who  read  a  paper  on  the  subject  at  the  meeting  of  the  British 
Association  at  Hull  in  1858.  Professor  Phillips  says  : — "If 
photography  can  ever  succeed  in  portraying  as  much  of  the 
moon  as  the  eye  can  see  and  discriminate,  we  shall  be  able  to 
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leave  to  future  times  monuments  by  whigh  the  seculav  changes 
of  the  moon's  physical  aspect  may  be  determined.  And  if  this^ 
be  impracticable — if  the  utmost  success  of  the  photographer 
should  only  produce  a  picture  of  the  larger  features  of  the 
moon^  this  will  be  a  gift  of  the  highest  value,  since  it  wiE  be 
a  basis,  an  accurate  and  practical  foundation  of  the  minuter 
details,  which,  with  such  aid,  the  artist  may  confidently  sketch." 
The  pictures  of  the  moon  taken  by  Professor  Phillips  were 
made  with  a  six  and  a-quarter  inch  refractor  by  Cooke.  It 
is  of  eleven  feet  focus,  and  produces  a  negative  oT  one  and  a- 
quarter  inches  diameter,  in  thirty  seconds.  Professor  Phillips 
does  not  enter  very  minutely  into  the  photographic  part  of 
the  subject,  but  he  gives  some  very  useful  details  of  calcula- 
tions as  to  what  may  be  expected  to  be  seen  in  photographs 
taken  with  such  a  splendid  instrument  as  that  of  Lord  Rosse. 
It  is  assumed  that  an  image  of  the  moon  may  be  obtained 
direct  of  twelve  inches  diameter,  and  this  when  again  magni- 
fied sufficiently  would  show  "  black  bands  twelve  yards 
across."  What  may  be  done  remains  to  be  seen,  but  up  to 
the  present  time  the  Professor's  anticipations  have  not  been 
realised. 

We  have  next,  from  the  pen  of  Mr.  Cro<^es,  a  paper  com- 
municated to  the  Royal  Society  of  London,  in  December, 
1856,  but  which  was  not  read  before  that  society  until 
February  in  the  following  year.  Mr.  Crookes  appears  to  have 
obtained  good  results  as  early  as  1855,  and,  assisted  by  a 
grant  from  the  Donation  Fund  of  the  Royal  Society,  he  was 
enabled  to  give  attention  to  the  subject  during  the  greater 
part  of  the  year  following.  The  details  of  the  process  em- 
ployed are  given  in  the  paper  with  much  minuteness.  The 
telescope  used  was  the  equatorial  refractor  at  the  Liverpool 
Observatory,  of  eight  inches  aperture,  and  twelve  and  a-half 
feet  focal  length,  producing  an  image  of  the  moon  1*35  inch 
diameter.  The  body  of  a  small  camera  was  fixed  in  the  place 
of  the  eyepiece,  so  that  the  image  of  the  moon  was  received 
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in  the  usual  way  on  the  ground  glass.  The  chemical  focus 
of  the  object  glass  was  found  to  be  eight-tenths  of  an  inch 
beyond  the  optical  focus,  being  over-corrected  for  the  actinic 
rays.  Although  a  good  clock  movement  driven  by  water 
power  is  applied  to  the  telescope,  it  was  found  necessary  to 
follow  the  moon's  motions  by  means  of  the  slow-motion 
handles  attached  to  the  right  ascension  and  declination 
circles,  and  this  was  effected  by  using  an  eyepiece,  with  a 
power  of  200  on  the  finder,  keeping  the  cross-wires  steadily 
on  one  spot.  With  this  instrument  Mr.  Hartnup  had  taken 
a  large  number  of  negatives,  but  owing  to  the  long  exposure 
required  he  was  not  successful ;  but  with  more  suitable  col- 
lodion and  chemical  solutions,  and  although  the  temperature 
of  the  observatory  was  below  the  freezing  point,  Mr.  Crookes 
obtained  dense  negatives  in  about  four  seconds.  Mr.  Crookes. 
afterwards  enlarged  his  negatives  twenty  diameters,  and  he 
expresses  his  opinion  that  the  magnifying  should  be  con- 
ducted simultaneously  with  the  photography  by  having  a 
proper  arrangement  of  lenses,  so  as  to  throw  an  enlarged 
image  of  the  moon  at  once  on  the  collodion  plate ;  and  he 
states  that  the  want  of  light  could  be  no  objection,  as  an  ex- 
posure of  from  two  to  ten  minutes  would  not  be  "  too  severe 
a  tax  upon  a  steady  and  skilful  hand  and  eye." 

In  an  appendix  to  his  paper  Mr.  Crookes  gives  some  par- 
ticulars as  to  the  time  required  to  obtain  negatives  of  the 
moon  with  different  telescopes,  from  which  it  appears  that 
the  time  varied  from  six  minutes  to  six  seconds.  The  different 
results  named  must,  I  conclude,  have  been  caused  not  so 
much  by  the  differences  in  the  instrument^  as  in  the  various 
processes  employed,  and  in  the  manipulation.  I  must  ob- 
serve, also,  that  it  is  not  stated  whether  all  the  experiments 
were  tried  upon  the  full  moon,  a  point  materially  affecting 
the  time. 

Mr.  Grubb  read  a  paper  on  this  subject  before  the  Dublin 
Photographic  Society  on  May  6  th,  1857.    After  referring  to 
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the  fact  that  he  found  the  actinic  focus  of  his  object  glass  to 
be  longer  than  the  visual  (thus  agreeing  with  Mr.  Crookes) 
he  states  it  to  be  generally  understood  that  in  a  compound 
object-glass  made  as  nearly  achromatic  as  possible,  the  actinic 
focus  is  shorter  than  the  visual.  The  most  valuable  portion 
of  Mr.  Grubb's  paper  is  the  suggestion  for  a  piece  of  appa- 
ratus to  be  attached  to  the  part  connected  with  the  telescope 
for  holding  the  dark  frame,  which  he  proposes  may  be  so 
arranged  as  to  follow  the  moon's  motion  in  declination ;  and 
he  gives  the  following  description  of  a  contrivance  used  by 
Lord  Rosse,  and  which  is  suitable  for  telescopes  not  equa- 
torially  mounted : — *'  On  a  flati  surface  attached  to  the  teles- 
cope, and  parallel  to  the  plane  of  the  image  is  attached  a 
sliding  plate,  the  slide  being  capable* of  adjustment  to  the 
direction  of  the  moon's  path  at  the  time  of  operating.  The 
slide  is  actuated  by  a  screw  moved  by  clockwork,  and  having 
a  governor  or  regulator  of  peculiar  construction,  which  acts 
equally  well  in  all  positions.  The  clockwork  being  once 
adjusted  requires  no  change;  but  the  inclination  of  the  slide 
must  be  effected  by  trial  for  the  moon's  path  at  the  time  of 
taking  the  photograph."  This  idea  originated  with  Mr. 
De  la  Rue,  Lord  Rosse's  share  in  it  arose  from  his  having 
applied  a  clock  motion  to  the  apparatus. 

The  telescope  used  by  Mr.  Grubb  is  12iV  inches  aperture 
and  twenty  feet  focus,  giving  an  image  2A-  inches  diameter 
in  from  ten  to  forty  seconds. 

The  next  contribution  on  this  subject  is  by  Mr.  Fry,  who, 
in  1857,  commenced  his  experiments  on  the  moon  with  an 
equatorial  telescope,  the  property  of  Mr.  Howell,  of  Brighton. 
The  object  glass  of  this  instrument  is  eight  and  a-half  inches 
diameter  and  eleven  feet  focus,  and  gave  an  image  of  the  full 
moon  in  about  three  seconds,  but  under  very  favourable 
circumstances  a  negative  was  made  in  a  single  second.  The 
size  of  the  image  is  not  stated,  but  it  must  have  been  about 
one  and  a-quarter  inches  diameter.    Mr.  Fry  appears  to  have 
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vemoved  the 'eyepiece  of  the  telescope,  and  in  its  place  a 
board  was  fixed  having  a  screw  adjustment^  so  that  a  plate- 
holder  could  be  moved  backwards  and  forwards  on  the  board 
(graduated  to  tenths  of  an  inch)  for  the  purpose  of  finding 
the  actinic  focus,  which  was  three  quarters  of  an  inch  beyond 
the  visual.  He  found  that  this  position  of  the  chemical  focus 
was  variable,  owing,  as  he  thought,  to  the  varying  distance 
of  the  moon  from  the  earth,  but,  as  suggested  by  Mr.  De  la 
Hue,  it  might  arise  from  the  length  of  the  telescope  tube 
having  altered  through  change  of  temperature. 

In  1858  Mr.  De  la  Rue  read  an  important  paper  before  the 
Boyal  Astronomical  Society,  from  which  it  appears  that  the 
light  of  the  moon  is  from  two  to  three  times  brighter  than 
Jupiter,  while  its  actinic  power  is  only  as  six  to  five,  or  six 
to  four.  On  December  7th,  1857,  Jupiter  was  photographed 
in  five  seconds  and  Saturn  in  one  minute,  and  on  another 
occasion  the  moon  and  Saturn  were  photographed  just  after 
an  occultation  of  the  planet  in  fifteen  seconds* 

The  report  of  the  council  of  the  Royal  Astronomical  Society 
for  1858  contaios  the  following  remarks : — 

**  A  very  curious  result,  since  to  some  extent  confirmed  by 
Professor  Secchi,  has  been  pointed  out  by  Mr.  De  la  Rue, 
namely,  that  those  portions  of  the  moon's  surface  which  are 
illuminated  by  a  very  oblique  ray  from  the  sun  possesses  so 
little  photogenic  power,  that,  although  to  the  eye  they  appear 
as  bright  as  other  portions  of  the  moon  illuminated  -by  a  more 
direct  ray,  the  latter  will  produce  the  effect  called  by  photo- 
graphers, solarisation,  before  the  former  (the  obliquely-illu- 
minated portions)  can  produce  the  faintest  image." 

And  the  report  also  suggests  that  the  moon  may  have  a 
comparatively  dense  atmosphere,  and  that  there  may  be  vege- 
tation on  those  parts  called  seas. 

At  the  meeting  of  the  British  Association  at  Aberdeen,  in 
1859,  Mr.  De  la  Rue  read  a  very  valuable  paper  on  celestial 
photography.    An  abstract  of  this  paper  was  published  at  the 
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time  in  Thb  Brittsh  Jottrkal  of  Photography,  and  in* 
August  and  September  of  the  following  year  further  details 
of  Mr.  De  la  Rue's  method  of  working  were  given  in  the 
same  Journal,    The  processes  and  machinery  employed  are 
so  minutely  described  that  it  is  unnecessary  here  to  say  more 
than  that  Mr.  De  la  Rue  commenced  his  experiments  about 
the  end  of  1852,  and  that  he  used  a  reflecting  telescope  of 
his  own  manufacture  of  thirteen  inches  aperture  and  ten  feet 
focal  length,  which  gives  a  negative  of  l;he  moon  averag^g 
about  liVth  of  an  inch  in  diameter.     The  photographs  were 
at  first  taken  at  the  side  of  the  tube  after  the  image  had  been 
twice  reflected.     This  was  afterwards  altered  so  as  to  allow 
the  image  to  pass  direct  to  the  collodion  plate,  but  the  ad- 
vantage gained  by  this  method  was  not  so  satisfactory  as  was 
expected.    In  taking  pictures  at  the  side  of  the  tube,  a  small 
camera  box  was  fixed  in  the  place  of  the  eyepiece,  and  at  the 
back  a  small  compound  microscope  was  attached,  so  that  the 
edge  of  a  broad  wire  was  always  kept  in  contact  with  one  of 
the  craters  on  the  moon's  surface,  the  image  being  seen 
through  the  collodion  film  at  the  same  time  with  the  wire  in 
the  focus  of  the  microscope.     This  ingenious  contrivance  in 
the  absence  of  a  driving  clock  was  found  lo  be  very  effectual, 
and  some  very  sharp  and  beautiftil  negatives  were  thus  ob- 
tained.    Mr.  De  la  Rue  afterwards  applied  a  clockwork 
motion  to  the  telescope,  and  his  negatives  taken  with  the 
same  instrument  are  as  yet  the  best  ever  obtained  in  this 
country. 

The  advantage  of  the  reflecting  over  the  refracting  telescope 
is  very  great,  owing  to  the  coincidence  of  the  visual  and  actinic 
foci,  but  it  will  presently  appear  that  the  refractor  can  be 
made  to  equal  if  not  excel  the  work  of  the  reflector. 

Mr.  De  la  Rue*s  paper  (as  published  in  the  report  of  the 
British  Association,)  contains  some  extremely  interesting 
particulars  as  to  the  mode  of  obtaining  stereoscopic  pictures 
of  the  moon,  and  diagrams  are  given  showing  the  effects  of 
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the  moon's  libration.  The  most  beautiful  stereoscopic  prints 
of  the  moon  are  those  by  Mr.  De  la  Rue.  Mr.  Fry  also  was 
very  successful  in  this  branch  of  celestial  photography. 

In  this  brief  history  of  the  subject  of  celestial  photography^ 
I  have  not  referred  to  anything  which  has  been  done  in 
making  photographs  of  the  solar  spots,  but  the  matter  must 
not  be  altogether  passed  over.  The  first  step  in  this 
direction  appears  to  have  been  taken  in  France,  in  1845,  by 
MM.  Fizeau  and  Foucault,  but  it  is  chiefly  due  to  the  efforts 
of  Mr.  De  la  Rue  that  so  much  useful  work  has  been  done  in 
heliography.  In  1860  Mr.  De  la  Rue  and  his  staff  of  assist- 
ants performed  one  of  the  greatest  feats  yet  recorded  in  this 
branch  of  the  art  of  photography,  having  succeeded  in 
obtaining  several  beautiful  negatives  of  the  various  phenomena 
seen  only  during  total  eclipses  of  the  sun,  and  two  negatives 
were  obtained  during  the  totality.  One  question  of  much 
interest  to  astronomers  was  determined  by  this  great  experi- 
ment. The  red  prominences  or  flames  generally  seen  as 
issuing  from  the  edge  of  the  moon  were  proved  to  belong  to 
the  sun.  Photographs  of  the  sun  are  taken  daily  when  the 
weather  is  favourable  at  the  Kew  Observatory,  and  also  by 
Professor  Selwyn,  at  Ely.  With  the  Kew  photoheliograph 
pictures  of  the  sun  spots  have  been  made  on  the  scale  of 
three  feet  to  the  sun's  diameter.  Much,  however,  remains  to 
be  done.  The  light  of  thesun  is  much  in  excess  of  what  is 
required  to  obtain  a  collodion  picture,  so  that  the  loss  of  light 
consequent  on  the  necessary  interposition  of  lenses  and  the 
distance  of  the  plate  from  the  instrument  can  be  no  objection ; 
and  for  these  reasons  I  have  very  little  doubt  that  with 
apparatus  suitably  arranged  photographs  of  spots  and  groups 
of  spots  will  be  obtained  of  very  much  larger  diameter  than 
any  yet  taken. 

The  Qitarterly  Journal  of  Science  for  April,  18649  contains 
the  next  important  paper  on  celestial  photography*  It  is  by 
Dr.  Henry  Draper,  one  of  the  Professors  at  the  New  York 
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University.  On  his  return  to  America,  after  paying  a  visit  to 
Parsonstown,  where  he  had  the  advantage  not  only  of  making 
some  observations  with  Lord  Elosse's  large  reflector,  but  also 
of  seeing  the  method  there  pursued  in  grinding  and  polishing 
mirrors,  stimulated  by  what  he  had  seen,  it  was  determined 
to  build  an  observatory,  and  to  construct  an  instrument  to  be 
devoted  solely  to  celestial  photography.  The  speculum  used 
by  Dr.  Draper  is  fifteen  and  a-half  inches  in  diameter,  and 
twelve  and  a-half  feet  focal  length ;  but  this  was  afterwards 
superseded  by  one  of  glass  on  Foucault's  principle.  The  great 
labour  involved  in  a  work  of  this  character  may  be  judged  of 
by  the  fact  that  Dr.  Draper  ground  and  polished  more  than 
100  mirrors,  varying  in  diameter  from  nineteen  inches  to  a 
quarter  of  an  inch ;  but  he  appears  at  last  to  have  secured  a 
good  instrument.  The  chief  points  to  be  noticed  in  this 
article  are,  that  instead  of  driving  the  telescope  in  the  usual 
way  by  means  of  a  clock,  the  frame  carrying  the  glass  plate 
was  made  to  move  on  the  plan  previously  referred  to.  Instead 
of  clockwork  to  effect  this  motion,  an  instrument  called  a 
*' clepsydra"  was  used*  It  has  a  weight  and  a  piston  rod, 
which  fits  into  the  cylinder  filled  with  water,  which  is  allowed 
to  escape  by  means  of  a  stoficock,  and  can  be  regulated  with 
great  exactness,  so  as  to  follow  the  object.  The  large  number 
of  1,500  negatives  are  stated  to  have  been  taken  at  this 
observatory,  some  of  which  would  bear  magnifying  twenty- 
five  diameters  (the  paper  says  times,  but  I  assuyie  this  to  be 
an  error,  as  a  negative  must  be  very  bad  if  it  will  not  bear 
more  than  five  diameters,  or  twenty-five  times.)  As  the 
average  size  of  the  negatives  was  1 A  inch,  an  increase  of 
twenty-five  diameters  would  give  an  image  of  the  moon  nearly 
three  feet  in  diameter.  I  have  not  seen  the  prints  from  diese 
negatives,  and  have  never  heard  anything  of  the  quality  of 
the  work  produced  by  this  telescope ;  but  it  may  be  stated 
that  Dr.  Draper  writes  as  if  the  negatives  were  of  the  best 
quality,  and  encourages  others  to  follow  his  example. 
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Nearly  a  quarter  of  a  century  has  elapsed  since  the  moon 
was  first  photographed  in  America,  and  our  friends  on  that 
side  of  the  Atlantic  have  not  been  idle  in  the  interval.  To  an 
American  gentleman  we  are  indebted  for  the  best  pictures  of 
our  satellite  yet  produced^  and  it  is  difficult  to  conceive  that 
anything  superior  can  ever  be  obtained ;  and  yet  with  the 
fact  before  us  that  Mr.  De  la  Rue's  are  better  than  any  others 
taken  in  this  country,  so  it  may  prove  that  even  the  marvel- 
lous pictures  by  Mr.  Rutherford  may  be  surpassed. 

Mr.  Rutherford  appears^  from  a  paper  in  the  American 
Journal  of  Science  for  May  of  the  present  year,  to  have  begun 
his  work  in  lunar  photography  in  1858  with  an  equatorial  of 
eleven-and-a^iuarter  inches  aperture,  and  fourteen  feet  focal 
length,  and  corrected  in  the  usual  way  for  the  visual  focus 
only*  The  actinic  focus  was  found  to  be  seven-tenths  of  an 
inch  longer  than  the  visual.  The  instrument  gave  pictures 
of  the  moon,  and  of  the  stars  down  to  the  fifth  magnitude, 
satisfactory  when  compared  with  what  had  previously  been 
done,  but  did  not  satisfy  Mr.  Rutherford,  who,  after  trying  to 
c<»Tect  for  the  photographic  ray  by  working  with  combina- 
tions of  lenses  inserted  in  the  tube  between  the  object  glass 
and  sensitive  plate,  commenced  some  experiments  in  1861 
with  a  silvered  mirror  of  thirteen  inches  diameter,  which  was 
mounted  in  a  frame  and  strapped  to  the  tube  <»f  the  refi'actor. 
Mr.  Rutherford  enumerates  several  objections  to  the  reflector 
for  this  kind  of  work,  but  admits  the  advantage  of  the  coinci- 
dence of  foci.  The  reflector  was  abandoned  and  a  refiractor 
specially  constructed  of  the  same  size  as  the  fiist  one,  and 
nearly  of  the  same  focal  length,  but  corrected  only  for  the 
chemical  ray.  This  glass  was  completed  in  December  last, 
but  it  was  not  until  March  6th  of  the  present  year  that  a 
sufficiently  dear  atmosphere  occurred,  and  on  that  night  the 
negative  was  taken  from  which  the  prints  were  made,  and 
through  the  kifidness  of  Dr.  Roscoe  I  now  have  the  pleasure 
of  showing  them  to  you* 
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I  have  entered  somewhat  minutely  into  particulars  of  what 
has  been  done  in  this  branch  of  our  favourite  art,  in  order 
that  we  may  have  before  us  a  kind  of  summary  or  index  of 
the  work  done  up  to  the  present  time,  so  that  those  who 
desire  further  information  may  at  once  refer  to  the  authori- 
ties quoted.  It  may  be  asked  why  it  was  thought  necessary 
to  draw  up  this  paper,  as  Mr.  De  la  Rue  and  others  have 
said  almost  all  that  is  necessary  to  enable  anyone  to  take  up 
the  subject  and  to  pursue  it  sucessfiilly. 

It  is  true  there  are  very  elaborate  papers,  and  from  their 
perusal  I  have  derived  much  useful  information,  but  at  the 
same  time  it  must  be  confessed  their  very  elaborateness  de- 
terred me,  for  a  long  time  after  I  possessed  the  necessary 
apparatus,  from  commencing  the  experiments  which  have 
since  afforded  me  so  much  enjoyment. 

Every  writer  on  this  subject  speaks  of  the  difficulties 
encountered  from  optical,  instrumental,  and  atmospheric 
causes ;  and  to  this  may  be  attributed .  the  fact  that  we  have 
so  few  of  our  amateur  astronomers  giving  their  attention  to 
the  subject.  Another  reason  may  be  that  comparatively  few 
of  those  who  possess  telescopes  may  have  the  necessary  pho- 
tographic knowledge;  but  surely  some  friend  having  this 
knowledge  might  be  found  who  would  be  vrilling  to  spare  a 
few  hours  occasionally  to  assist  in  taking  negatives  of  the 
stars,  planets,  or  of  the  moon.  The  reason,  then,  why  this 
subject  is  brought  before  your  notice  this  evening  is,  that  it 
is  believed  that  the  apparatus  I  use  is,  in  some  particulars, 
more  simple  than  any  heretofore  described,  and  as  it  can  be 
used"  with  any  kind  of  telescope,  a  greater  number  of  ama- 
teurs than  are  now  engaged  in  it  may  be  induced  to  follow 
this  fascinating  branch  of  photography. 

It  will  have  been  noticed  that  when  particulars  of  the 
apparatus  have  been  given  the  writer  has  spoken  of  a  smaU 
camera,  which  has  been  fixed  at  the  eye  piece  end  of  the  tele- 
scope.   As  to  how  this  was  effected  I  have  seen  no  description, 
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and  as  no  camera  box  is  required  I  need  not  enter  into  any 
supposition  as  to  the  mode  in  which  it  may  be  done.  Before 
deciding  what  was  necessary  to  be  done^  it  occurred  to  me 
that  the  telescope  tube  itself  is  the  camera,  and  all  that  was 
required  was  the  means  of  fixing  the  dark  frame  or  plate 
holder.  If  the  telescope  be  pointed  to  the  moon,  the  eye 
piece  removed,  and  a  piece  of  ground  glass  held  between  the 
eye  and  the  aperture,  the  image  will  be  seen  on  the  glass,  and 
we  require  then  the  means  of  holding  the  sensitive  plate 
steadily  near  the  same  place.  All  that  is  needed  is  a  brass 
tube  about  four  or  five  inches  long,  of  the  size  exactly  fitting 
the  tubft  of  the  telescope  in  the  place  of  the  eyepiece.  In 
some  cases  th^  sliding  tube  of  the  eyepiece  may  be  unscrewed 
and  used  for  this  purpose.  At  one  end  of  this  tube  a  thread 
is  cut  and  is  made  to  screw  into  a  piece  of  metal  plate  (in  the 
centre  of  which  is  a  circular  aperture  of  the  same  size  as  the 
tube),  of  the  same  dimensions  as  the  dark  frame.  Attached 
to  the  plate  holder  are  clips  accurately  fitting  the  brass  plate, 
but  so  that  the  frame  will  easly  slide  off  and  on  without  dis- 
turbing the  telescope.  This  is  all  the  additional  apparatus 
required  to  enable  photographs  of  the  moon  or  any  other 
celestial  object  to  be  made.  A  separate  frame  for  the  ground 
glass  is  not  necessary :  it  must  be  cut  to  fit  the  dark  frame, 
and  while  in  use  can  be  held  by  slight  springs  fixed  inside 
the  frame  at  the  sides. 

The  accompanying  photo-lithographed  copy  of  a  drawing 
shows  the  arrangement  of  the  apparatus  when  in  its  place  for 
taking  a  negative,  and  renders  further  description  unneces- 
sary. 1  he  method  for  ascertaining  the  actinic  focus  may  be 
stated  in  a  few  words.  With  the  rack  motion  adjust  the 
focus  for  distinct  vision  on  the  ground  glass,  and  then  mark 
the  tube  E,  and  also  the  sliding  part  of  the  telescope.  Al- 
though very  unlikely  to  be  of  the  slightest  use,  unless  taken 
with  a  reflecting  telescope,  a  picture  may  now  be  taken ;  it 
will  at  least  serve  to  give  some  idea  of  the  proper  exposure. 
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If  the  chemical  and  visual  foci  are  not  ooinddent  the  image 
will  have  a  blurred  appearance.  Before  exposing  the  next 
plate,  turn  the  adjusting  screw  so  as  to  lengthen  the  tube 
about  the  16th  of  an  inch,  and  so  proceed  until,  by  the 
greater  distinctness  of  the  inu^^,  it  is  seen  that  the  chemical 
focus  is  found.  At  every  change  of  the  focus  a  slight  mark 
should  be  made  on  the  tube,  and  when  the  true  focus  is  satis* 
factorily  determined  the  marks  should  be  made  distinctly 
visible ;  and  in  all  future  experiments  vnth  the  same  instru* 
ment  the  focus  wilf  be  always  at  or  very  near  the  same  place. 
Should  it  be  found  that  the  indistinctness  increases,  it  vnll  of 
course  be  necessary  to  try  in  the  other  direction. 

The  appearances  arising  from  atmospheric  disturbances  ai^ 
very  much  the  same  as  when  the  object  is  out  of  focus :  expe- 
rience alone  will  enable  the  operator  to  determine  from  which 
cause  the  defect  proceeds. 

It  is  assumed  that  the  telescope  is  provided  with  a  driving 
clock ;  when  such  is  the  case  every  care  should  be  taken  that 
all  the  parts  are  clean,  and  when  necessary  oiled  or  greased, 
so  that  the  motions  may  be  as  smooth  as  possible. 

In  photographs  of  the  moon  in  the  phases,  prior  to  and  after 
the  frill,  the  side  opposite  to  the  sun  is  always  too  light,  or 
^*  burnt  up,"  while  those  parts  near  the  terminatcHT  are  often 
so  dark  that  only  the  tops  of  the  craters  and  peaks  are  visible^ 
although  in  the  telescope  a  clear  and  bright  image  can  be 
seen.  The  cause  of  this  must  be  that  the  exposure,  if  con- 
tinued long  enough  to  bring  out  all  the  eye  can  see  on  the 
darker  side,  would  entirely  obliterate  the  details  on  the 
brightly  illuminated  portions  of  the  mocm's  surfiELce.  Mr. 
De  la  Rue's  suggestion  as  to  why  the  dark  side  of  the  rtkoou 
has  so  little  actinic  effect,  has  been  already  referred  to.  I 
would  suggest  that,  as  the  light  of  the  full  moon  is  100,000 
times  weaker  than  that  of  the  sun,  the  tvoiUght^  on  the  moon's 

*  In  the  absence  of  coi  atmosphere  on  tlie  moon  there  can  be  no  twiUgila 
•vflh  a*  ve  hare  on  the  earth.    The  meaning,  therelbrei»  of  tfaia  anAeafie  maj 
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surface  must  be  very  much  less,  and  consequently  the  actinic 
effect  of  the  light  is  lessened  in  the  same  way  as  at  a  corre- 
sponding time  on  the  earth. 

The  question,  then,  of  photographing  the  terminator  is  only 
one  of  time,  and  in  order  to  remedy  the  defect  spoken  of  to 
some  extent,  I  have  used  diaphragms  such  as  are  shown  in 
the  drawing.  In  the  tube  E  openings  are  made  on  opposite 
sides,  and  wide  enough  to  admit  the  diaphragms  to  be  used 
without  touching  the  tube.  The  diaphragm  must  be  of  the 
proper  length  and  width  to  shut  off  the  moon's  light  until  the 
plate  is  ready  for  exposure.  The  shape  of  the  diaphragm  will 
suggest  which  form  should  be  used  according  to  the  moon's 
age.  The  exposure  should  be  made  with  the  full  aperture 
for  as  many  seconds  as  previous  experiments  have  proved  to 
be  necessary  for  the  bright  side,  and  the  diaphragm  then 
gently  moved  and  kept  in  motion,  gradually  approaching  the 
darkened  side .  By  this  means  the  exposure  may  be  regulated, 
and  the  great  differences  in  the  light  and  dark  sides  of  the 
moon  may  be  modified. 

As  to  the  processes  employed,  each  experimenter  must 
adopt  the  one  he  finds  in  his  hands  gives  the  best  result.  It 
seldom  happens  that  two  operators  can  produce  the  same 
effects  with,  apparently ,  the  same  chemicals.  Experience  has 
shown  me  that  the  ordinary  patent  plate  glass  (carefully 
.  selected,  so  as  to  be  free  from  scratches  and  other  defects,)  is 
preferable  to  the  white  patent  plate,  having  found  that  after 
a  time  the  surface  becomes  covered  with  a  kind  of  dew  or 
"  sweat,**  as  it  is  termed,  owing  to  the  decomposition  of  some 
of  the  salts  used  in  the  manufacture.  The  collodion  used  was 
made  for  me  by  Messrs.  Huggon  and  Co.  of  Leeds ;  it  is  very 
quick,  free  from  structure,  and  suitable  for  iron  development. 

be  misunderstood.  It  was  intended  to  saj  that  on  those  parts  of  the  moon, 
enlightened  ovlj  hj  the  oblique  rays  of  the  sun,  the  light  is  so  diminished 
that  the  actinic  effect  is  lessened  as  it  is  on  the  earth  shortly  before  sunset 
and  dmring  twilight,  when  it  is  well  known  that  a  mudi  longer  time  is 
n^oiffd  to  obUioa  photograph. 
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I  prefer  to  develope  with  an  iron  solution,  using  only  suffi- 
cient to  cover  the  plate ;  and  with  this  developer  and  collodion, 
when  the  plate  has  been  properly  exposed,  a  n^ative  can  be 
obtained  which  will  not  require  intensifying  afterwards.  Not 
having  had  sufficient  experience  with  pyrogallic  acid  I  cannot 
speak  with  confidence  as  to  any  advantage  it  may  possess  in 
giving  fine  texture  to  the  negative.  With  the  bath  and 
collodion  exactly  in  the  proper  state,  there  is  no  doubt  that 
with  this  acid  negatives  may  be  had  as  quickly  as  with  iron ; 
but  it  is  extremely  difficult  to  have  everything  constantly  in 
the  best  working  order.  Unless  the  greatest  attention  be 
given  to  this  matter,  the  time  of  exposure  is  so  much  increased 
that  iron,  for  this  reason,  must  have  the  preference. 

Upon  the  character  of  the  image  after  development  entirely 
depends  the  value  of  the  enlargement  to  be  made  from  it,  and 
in  this  direction  there  is  much  room  for  improvement.  Even 
in  the  best  negatives  jet  made  defects  from  this  cause  are  very 
apparent.  The  microscopic  photographs  by  Mr.  Dancer  have 
the  finest  texture,  and  will  consequently  bear  greater  magnify- 
ing than  any  other  photographs  I  have  ever  seen,  but  the 
process  by  which  they  are  made  is  not  published. 

The  weather,  in  this  country  is  so  very  uncertain,  and  suc- 
cess in  this  branch  of  photography  is  so  entirely  dependent 
on  the  state  of  the  atmosphere,  that  it  is  necessary  to  be 
always  prepared  to  take  advantage  of  a  favourable  night.  I 
have  a  small  cupboard  placed  in  a  convenient  part  of  my 
house  where  there  is  a  supply  of  water,  end  the  temperature 
is  always  much  above  the  air  outside.  This  cupboard  is  just 
large  enough  to  hold  a  small  glass  bath  fixed  at  the  proper 
angle  ready  for  use,  also  the  bottles  for  collodion, .  bath, 
developing  and  fixing  solutions,  and  other  little  requisites. 
This  arrangement  is  so  convenient  that  when  there  is  a  pros- 
pect of  getting  a  negative  I  can  set  the  telescope,  prepare  the 
plate,  and  take  a  negative  in  less  than  ten  minutes.  But 
when  there  is  a  chance  of  two  or  three  hours'  work  an 
assistant  is  desirable,  as  the  best  results  can  only  be  obtained 
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when  one's  attention  is  chiefly  devoted  to  the  careful  adjust- 
ment of  the  apparatus  connected  with  the  telescope. 

The  convenience  of  the  plan  adopted  may  be  judged  of  by 
the  fact  that  on  the  evening  of  the  partial  eclipse  of  the  moon, 
the  4th  October  last,  in  four  hours  I  succeeded  with  the  help 
of  two  assistants  in  taking  no  less  than  twenty  negatives^ 
and  the  telescope  was  several  times  disturbed  to  oblige  friends 
who  desired  to  see  the  progress  of  the  eclipse  through  the  in- 
strument, but  the  apparatus  was  quickly  re-adjusted,  although 
possibly  in  some  cases  with  slight  loss  of  definition  in  the 
negative,  through  haste.  At  a  previous  meeting,  I  described 
how  these  negatives  were  made,  but  it  may  be  interesting  to 
refer  to  the  fact  that  while  the  fifteenth  of  the  series  was 
taken  the  telescope  was  at  rest.  The  clock  had  been  discon- 
nected for  re-adjustment  and  it' was  forgotten  when  the  plate 
was  ready  for  exposure,  consequently  the  moon  had  moved 
partly  o£f  the  plate,  and  the  negative  shows  a  portion  only ; 
but  the  exposure  was  so  short  that  the  eye  fails  to  detect  any 
difference  in  the  sharpness  of  this  and  the  others,  which  were 
all  taken  when  the  clock  had  been  watched  and  carefully 
regulated  for  the  moon's  motion.  This  fact  is,  I  think,  of 
some  interest,  as  it  shows  that  about  the  time  of  full  moon 
when  the  light  is  of  the  gresctest  intensity,  pictures  may  be 
made  with  telescopes  not  equatorially  mounted. 

My  telescope  is  a  refractor  of  five  inches  aperture  and  six 
feet  focal  length,  giving  an  image  of  the  moon  averaging 
about  eleven  sixteenths  of  an  inch  in  diameter.  The  actinic 
focus  is  one  tenth  of  an  inch  longer  than  the  visual.  The 
object  glass  is  of  Munich  manufacture,  and  is  mounted  by 
Mr.  Dancer  on  the  Sisson's  or  English  plan  with  double 
polar  axis.  The  hour  circle  is  tvranty-six  inches  in  diameter, 
and  is  used  also  as  the  driving  wheel,  having  teeth  cut  in  the 
edge,  in  which  a  screw  works  connected  with  the  driving 
dock  by  a  rod,  and  which  can  be  instantly  disconnected 
by  means  of  a  cam.  The  object  glass  is  an  excellent 
onei  and  the  mounting  is  everything  that  can  be  desired. 
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The  negative  taken  direct  in  the  telescope  is  but  one  step 
towards  what  we  require^  that  is,  the  enlarged  copy  on  paper. 
From  the  small  negative  a  positive  on  glass  must  be  made, 
say  of  twice  or  three  times  the  diameter  of  the  original.  It 
will  be  quite  unnecessary  here  to  explain  how  the  enlarge- 
ment is  to  be  made ;  but  I  may  remark  that  the  negative 
should  be  placed  with  the  film  side  towards  the  copying  lens, 
and  the  resulting  positive  copy  must  also  be  placed  in  the 
same  way.  The  enlarged  copy  or  negative  will  then  give 
the  true  telescopic  appearance  of  the  moon.  In  the  print  of 
the  full  moon  by  Mr*  Rutherford  a  mistake  bas  been  made, 
arising  from  the  negative  or  positive  copy  having  been  placed 
the  wrong  way,  and  consequently  the  moon  looks  as  if  it  had 
been  photographed  from  the  opposite  side.  The  print  is  a 
very  beautiful  one  in  other  particulars,  but  entirely  worthless 
as  a  picture  of  the  moon,  as  the  eye  can  never  see  it  as  there 
represented. 

I  have  sometinaes  taken  two  negatives  on  the  same  plate. 
It  will  be  seen  in  the  drawing  that  the  dark  slide  is  not  quite 
central  with  the  telescope,  so  that  by  reversing  the  plate  after 
one  exposure  a  second  picture  can  be  taken.  In  photograph- 
ing the  planets  Mr.  De  la  Rue  has  allowed  the  object  to  move 
on  for  a  few  seconds,  the  telescope  meanwhile  being  at  rest, 
and  thus  four  or  five  negatives  can  be  taken  in  a  very  short  time 
on  the  same  plate.  It  has  occurred  to  me  that  by  having  a 
frame  made  ^'  landscape  way"  instead  of  upright,  and  in  place 
of  having  four  clips  such  as  K,  there  might  be  a  kind  of 
groove  at  top  and  bottom,  so  that  after  taking  the  first 
negative,  and  the  light  shut  off,  by  moving  the  plate  about  an 
inch,  at  least  three  negatives  might  be  taken  on  the  same 
plate — or  a  "  shifting  back*'  might  be  adapted.  The  advan- 
tages of  this  plan  are  that  different  exposures  might  be  tried, 
and  the  development  continued  for  the  one  or  two  which 
promised  the  best  results.  This  method  would  effect  a  great 
saving  of  time,  which  on  a  fine  night  is  of  much  importance. 

With  the  Barlow  lens  I  have  made  some  negatives  which 
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have  shown  that  when  the  same  care  has  been  taken  to  find 
the  actinic  focus  negatives  of  a  much  larger  size  may  be  made, 
and  in  a  very  short  time.  The  image  is  increased  from  eleven- 
sixteenths  to  one  and  a  quarter  inch,  and  the  time  of  exposure 
at  full  moon  was  two  seconds.  The  fittings  of  the  lens  are  so 
arranged  that  three  different  sized  negatives  may  be  taken. 

There  are  several  other  matters  which  it  might  have  been 
desirable  to  refer  to  had  time  permitted,  but  they  must  stand 
over  to  a  future  occasion. 

Mr.  Baxendbll  said  that  some  years  ago  Dr.  Joule  had 
obtained  several  beautiful  negatives  of  the  sun.  The  time  of 
exposure  was  about  tH  of  a  second,  and  the  apparatus  for 
admitting  and  cutting  off  the  light  was  not  attached  to  the 
telescope,  as  in  the  Kew  heliograph,  but  was  mounted  on  a^ 
separate  stand* 


PHTSIOAL  AND  MATHEMATICAL  SECTION. 

January  4th,  1866. 

E.  W.  BiNNET,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

Mr.  G.  V.  Vernon,  F.R.A.S.,  M.B.M.S*,  was  elected 
Honorary  Secretary  of  the  Section. 

Mr.  Vernon  communicated  the  following  ^'  Remarks  on 
the  Barometric  Disturbances  during  the  Months  of  October, 
November,  and  December,  1865." 

At  the  last  meeting  of  the  Physical  Section  attention  was 
called  to  the  great  barometric  disturbances  in  October  and 
November  of  this  year ;  and  in  order  that  their  character  may 
be  seen  at  a  glance  I  have  drawn  out  my  observations  made 
twice  daily  in  the  subjoined  curves. 
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The  amoant  of  oscillation  in  October  was  not  remarkable 
for  its  excessive  amount,  but  for  the  very  sudden  changes 
which  took  place  towards  the  end  of  the  montli,  say  from  the 
23rd  to  the  31st. 

For  November  the  reading  was  high  until  the  15th,  when 
a  sudden  change  commenced,  the  great  depression  of  the  22nd 
showing  the  extremely  low  reading  of  28*240  inches.  The 
amount  of  oscillation  during  the  first  half  of  the  month  only 
amounted  to  about  half  an  inch  per  week,  leaving  more  than 
six  inches  for  the  amount  of  oscillation  during  the  last  half 
of  the  month,  against  an  average  of  5*^1  inches  for  the  last- 
seventeen  years  for  the  entire  month. 

The  amount  of  oscillation  for  the  two  months  of  October 
and  November  for  the  last  five  years,  in  continuation  of  the 
values  given  in  my  paper  in  vol.  i.,  Srd  series,  of  the  Memoirs 
of  the  Society,  are  as  follows :  — 


OCTOBER. 

NOYEMBEB. 

Te». 

Knmber 

of 

OwillAtionB 

Amount  ' 
OwUmtion.!  ^^ 

Komber 
Ofdl^ons 

OsduLlon. 

BaiBfiJL 

1861 
1862 
1863 
1864 
1865 

13 
18 
12 
14 
14 

Inches. 
5087 
6-569 
4-648 
5110 
6-861 

Inches. 
1-230 
5-035 
6-242 
1-898 
5-005 

15 
18 
14 
20 
15 

Inches. 
7-491 
5-823 
7-496 
8-504 
7-890 

Inches. 
8-878 
1-685 
2-904 
8-255 
2-770 

Moans  of 
17Tean.. 

.    16-5 

5-851 

18-8 

5-804 

In  the  paper  last  alluded  to  I  pointed  out  at  page  3  that 
an  excessive  amount  of  rainfall  was  accompanied  also  by  a 
la^e  excess  of  barometric  oscillation  in  every  month  but 
October,  stating  also  that  perhaps  a  longer  period  of  observa- 
tion might  remove  this  apparent  anomaly.  The  last  five 
years,  however,  give  exactly  the  same  abnormal  values  for 
October,  as  reference  to  the  small  table  annexed  will  show* 
October,  1868,  vrith  the  least  barometric  oscillation,  had  the 
largest  rainfall  out  of  the  five  years.     November  conforms  to 
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the  law,  which  applies  to  all  the  months  but  October^  the 
table  showing  that  generally  the  rainfall  increased  wiih  the 
amount  of  oscillation.  Of  course  leaving  1863  out  of  the 
question  would  make  October  conform  to  the  rule  also ;  but 
it  is  these  very  abnormal  months  which  are  so  difficult  to 
account  for,  and  which  seem-  to  bear  otit  Mr.  Baxendell's 
suggestion  of  some  secondary  disturbing  cause  operating 
during  the  month  of  October  especially.  (Vide  Mr.  Baxen- 
dell's  paper  on  "  Periodic  Disturbances  of  Atmospheric 
Pressure/'  Memoirs,  3rd  series,  vol.  i.  p.  263.) 

The  amount  of  oscillation  in  December  was  5*468  inches, 
the  oscillations  being  thirteen  in  number.  This  is  somewhat 
below  the  average,  although  the  month  was  marked  by  such 
wide  barometric  readings  as  shown  by  the  diagram. 


The  following  Table  of  Rainfall  for  1865  was  also  com- 
municated by  Mr.  Vbrnon. 

Old  Tbafford,  Manchester. 

Bain  gauge  3  feet  aboye  the  ground,  and  106  feet  aboTe  the  sea. 


^SSS? 

1866. 

FaUln 
Inches. 

Atonse 

of 
73Yeftn. 

Wifor. 
enoM: 

No.  of 

Bain. 
faU 

IJSSS' 

ifes. 

1 

fbr 

1864. 

1865. 

in  1865. 

1865. 

1864. 

TSYears. 

Dvt. 

D.J8. 

(•Jan.... 

Inohea. 
8112 

InohM. 
2-469 

Inches. 
+0-643 

18-) 

Inohes. 

TnohM 

Inohes. 

88 

48 

■  Feb.... 

2-867 

2-879 

—0-022 

17  f 

7-143 

7-722 

7-149 

, 

(March. 

1-674 

2-301 

—0-627    13) 

f^t 

1082 

2025 

—0-9481     8-) 

89 

86 

8187 

2-868 

+0-819 1  21  [ 

5-226 

7-722 

7-279 

(June.,. 

0-967 

2-886 

—1-8291     7  J 

(Julj... 

2-996 

8-661 

—0-665!  16-) 

45 

86 

iAug.... 

8-840 

3-596 

+0-244 

18^ 

7-602 

8-068 

10-367 

(Sept... 

0-666 

3-200 

— 2-634 

8'> 

rOct. ... 

6-005 

8'884 

+1-171 

20^ 

49 

44 

^NOT.... 

(Dec... 

2-770 
0-748 

8-464 
8-226 

—0-694 
-2-482 

il 

8-618 

7-188 

10-623 

171 

164 

28-889 

36-808 

—6-919 

153 

28-389 

30-640 

36-808 

The  rainfall  for  1865  has  been  6*019  inches  below  the 
average  of  the  last  seventy-two  yean,  and  9'SSi  inches 
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below  tbe  fall  for  1864,  which  was  also  comparatively  a  dry 
year.  Although  the  first  three  months  had  about  an  average 
fall,  the  second  three  months  had  a  fall  greatly  below  tbe 
average.  The  same  remark  applies  to  the  third  and  fourth 
quarters  of  the  year.  The  fall  of  rain  was  remarkably  small 
in  June,  September,  and  December;  and  it  will  also  be  seen 
that  with  the  exception  of  the  four  months  of  January,  May, 
August,  and  October,  every  month  had  a  rainfall  below  the 
average.  As  compared  with  any  other  month,  the  rainfall  in 
October  was  excessive.  The  number  of  days  upon  which 
rain  fell  was  also  greatly  below  that  of  many  previous  years. 

Mr.  Baxbndell,  F.R.A.S.,  read  the  following  ^Note  on 
the  Variable  Star  T  Aquil»." 

In  the  communication  made  to  this  Section  on  the  12th  of 
November,  1863  {Proceedings,  vol,  iii.  p.  195),  announcing 
the  discovery,  at  Mr.  Worthington's  observatory,  of  the  vari- 
ability of  T  Aquilffi,  I  gave  the  times  of  one  minimum  and 
one  maximum,  but  was  unable  to  give  a  trustworthy  value  of 
the  length  of  the  mean  period.  The  observations  which  I 
have  since  made  have  however  enabled  me  to  determine  with 
tolerable  exactness  the  times  of  three  more  maxima  and  two 
minima,  thus  affording  the  means  of  ascertaining  the  value 
of  the  mean  period  within  very  moderate  limits  of  error. 

The  observed  times  of  maximum  and  minimum  and  the 
corresponding  magnitudes  are :  — 

Maxima. 

1863^0ct.  25 8*9  magnitude* 

1864— Aug.  23 8-4      ditto 

1865— June  30 10-1       ditto 

1865— Nov.  22 9-4      ditto 

Minima. 

1863 — ^Aug.  24 11 '3  magnitude. 

1864— June  24 11-2      ditto 

1865— Aug.  31 ^.  11-5      ditto 
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The  times  of  minima  appear  to  be  more  irregular  thau 
those  of  maxima;  but  the  magnitudes  at  maximum  vary 
more  than  those  at  minimum.  As  the  times  of  maxima  are 
evidently  better  suited  for  the  determination  of  the  mean 
period  than  those  of  minima,  I  have  treated  them  in  the 
usual  way,  and  have  obtained  the  following  elements :  — 

Period  =  152*4  days. 

Epoch  =  1866,  January  24*1. 

Calculating  the  times  of  maxima  from  these  elements,  and 
comparing  them  Mrith  the  observed  times,  we  have  the  follow- 
ing differences :  — 

C— O. 

days 

-0-1 

+  1-7 

-4-5 

+  2-9 

The  greatest  difference  is  only  4*5  days,  or  about  one 
thirty'fourth  of  the  entire  period,  and  the  mean  difference  is 
2*8  days,  or  one  sixiy-sizih  of  the  whole  period.  T  Aquilse 
therefore  belongs  to  the  class  of  variables  whose  periods  are 
moderately  regular. 

The  diagram  which  accompanies  this  communication 
shows  the  mean  form  of  the  light-curve  of  T  Aquilse  as 
derived  from  all  the  observations  I  have  yet  made.  An 
examination  of  this  curve  has  yielded  the  following  results : — 

Mean  magnitude  at  maximum  =   9*20 

Mean  magnitude  at  minimum   -11'20 

Mean  range  of  variation =•   2*00  magnitudes 

Mean  magnitude =  10*40 

Interval  from  minimum  to  maximum    =  640  days 

Interval  from  maximum  to  minimum    ==88*4  days 

Interval  from  minimum  to  mean  magnitude...  =  43*0  days 
Interval  from  mean  magnitude  to  maximum...  =  21*0  days 
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Interval  from  maTiimiTn  to  mean  magnitude...  =  40*4  days 
Interval  from  mean  magnitude  to  minimum...  =  48*0  days 
Interval  from  mean  magnitude  before  to  mean 

magnitude  after  maximum =^61*4  days 

Interval  from  mean  magnitude  before  to  mean 

magnitude  after  minimum =91*0  days 

A  faint  secondary  maximum  is  indicated  at  63  days  after 
the  principal  maximum. 

Mr.  Knott,  F.R.A.S.,  has  kindly  favoured  me  Mrith  the 
results  of  his  observations  of  T  Aquilae  for  the  past  year,  and 
from  the  following  comparison  it  will  be  seen  that,  with  the 
exception  of  the  time  of  the  August  minimum,  they  are  Tery 
closely  accordant  with  my  own :  — 

Mdzima. 

Baxbndbll.  Knott. 

June  30— 10-1  mag.  July     2—101  mag. 

Nov.  22—9-4  mag.  Nov.  20—9*4  mag. 

Minimum. 
Aug.  31 — 11*5  mag.  Aug.  22 — 11*4  mag. 

The  place  of  T  Aquilae  for  1865  is  20»»  6°'25-4«+16^  lS-4', 
and  the  calculated  times  of  its  maxima  for  1866  are  April 
26*3  and  September  25*7. 


liBAN  LIGHT-OUBVE  OP  T  AQUILJD, 

As  DXBrnED  ISOM  all  the  OBSEBViJCIOKS  MAJ>S  AT  Mb.  WOBTHDrOTOir^ 
ObBBBTATOBY  DITBIlfa  THB  TBABS  1863-5. 

Mao. 
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January  23rd,  1866. 

R.  Angus  Smith,  Ph.D.,  F.E.S.,  &c.,  President,  in 
the  Chair. 


M.  le  Marquis  Anatole  de  Caligny,  of  Versailles,  Civil 
Engineer,  was  elected  a  Corresponding  Member  of  the 
Society. 

Thomas  Graham,  F.R.S.,  &c..  Master  of  the  Mint;  A.  W. 
Hofmann,  F.R.S.,  &c.;  Joseph  Prestwich,  F.R.S  ,  &c. ;  and 
Andrew  Crombie  Ramsay,  F.R.S.,  &c.,  were  elected  Hono- 
rary Members  of  the  Society. 

A  conver^tion  took  place  respecting  the  cattle  plague,  in 
the  course  of  which  Mr.  Baxendbll  stated  that  the  results 
of  inquiries  he  had  made  had  led  him  to  believe  that  the  total 
mortality  among  cattle  from  plague  and  all  other  diseases, 
during  the  past  year,  had  been  very  little,  if  at  all,  above  the 
average  rate  of  the  la^t  ten  years ;  thus  indicating  that  the 
plague  had,  to  a  great  extent,  displaced  pleuro-pneumonia 
and  other  dangerous  diseases,  and  that  therefore  no  just  cause 
at  present  existed  for  the  feeling  of  alarm  which  prevailed 
throughout  the  country. 

A  paper  was  read  entitled  "  Notes  on  a  Section  of  Chat 
Moss,  near  Astley  Station,"  by  VV.  Brockbank,  Esq. 

By  the  kindness  of  my  friend  Henry  Mere  Ormerod,  Esq., 
I  have  had  the  opportunity  of  examining  a  section  of  the 
strata  at  Chat  Moss,  exposed  in  the  excavations  at  present 
being  made  to  obtain  marl  for  the  reclamation  of  the  moss. 
PBOonDiKai— Lit.  &  Phil.  Sooibty.— Vol.  V.— No.  9— Smmmoh  1866-6. 
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k  large  area  has  been  excavated  to  a  depth  of  45  feet  from 
the  surface,  down  to  the  red  rock,  giving^  the  following  thick- 
nesses of  the  beds,  viz. — 

a.  Peat  Moss 17ft.  Oin. 

6.  Sandy  Clay  or  Loam    1ft.  6in. 

c.  Boulder  Clay  or  Till 26ft  6in. 

cL  Soft  Red  Rock 

Commencing  with  the  red  rock,  the  following  particulars 
appeared  worth  recording : — 

d*  The  soft  red  rock  forming  the  base  of  the  section  is  the 
lower  member  of  the  trias.  The  surface  of  the  rock  was 
covered  with  water,  which  prevented  an  examination  of  it, 
but  a  large  detached  fragment  was  found  lying  upon  it,  which 
was  not  at  all  worn. 

c.  The  boulder  clay  or  till  had  a  thickness  of  26ft.  6in., 
and  contained  boulders  in  abundance.  It  had  no  parting  of 
sand  or  gravel,  but  small  patches  of  red  sand  occurred  about 
the  middle,  and  of  small  gravel  near  the  base.  Small  cubical 
fragments  of  coal  were  very  plentiful,  and  many  pieces  of 
black  shale.  The  following  list  of  boulders  was  made  from 
those  found  in  the  excavations,  viz. — 

Gfreenstone.     One  very  large  boulder,  much  striated,  and 
many  smaller  ones.    The  largest  boulders  were  of  this  rock. 
OranUes.    Four  varieties,  all  much  waterworn ;  die  grey 
and  green  granites  decomposed  and  very  friable. 

Limestones,  Dark  limestone  boulders  plentiful,  one  con- 
taining a  good  specimen  of  **  Produetus  GKganten^"  on  the 
unworn  surface,  the  other  side  being  deeply  striated  and 
much  worn. 

Light  grey  limestones,  much  worn. 

Reddish  limestones  (permian),  very  little  worn,  and  pro- 
nounced by  the  workmen  to  be  **  Bedford  limestone,**  because 
worked  at  Bedford,  in  the  neighbourhood.  One  fragment  of 
this  limestone  occurred  within  four  feet  of  the  surfiioe,  and 
was  very  little  wcum,  the  corners  quite  sharp* 
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Bed  MarUtone  Rock  (permian),  little  worn. 

H€Bmatite  Iron  Ores  (probably  permian),  worn  into  round 
lumps.  These  are  eagerly  sought  by  the  workmen  for  "  red 
raddle."  They  resemble  the  richest  specimens  of  iron  ore  as 
found  at  the  Patricroft  workings,  but  are  apparently  much 
purer,  and  more  like  the  hoematites  of  North  Lancashire. 

Coal  and  Coal  Shake.  A.bundant.  The  coal  in  small 
cubical  fragments,  but  in  great  quantity.  One  fine  specimen 
of  coal  shale  with  *'  Anthracosia  robusta,"  well  preserved, 
and  one  fine  frond  of  **  Neuropleris."  Oval  nodule  of  pyrites 
or  ^'  Brass  lump"  from  the  coal  measures. 

Sandstones,  White  sandstone  boulders  very  frequent, 
containing  fossils,  probably  -calamites  and  sigillariae,  and 
chiefly  resembling  the  white  sandstones  of  the  middle  coal 
measures. 

Ironstone.  Nodules  of  claybound  ironstones  frequent ;  one 
very  good  example  with  fine  septaria  in  centre. 

The  above  list  of  boulders  possesses  some  features  of  con- 
siderable interest.  The  granites  and  greenstones  are  very 
much  the  same  as  those  found  in  the  clays  around  Manches- 
ter, and  which  are  generally  supposed  to  have  come  from 
Cumberland  and  Westmoreland.  These  are  much  worn  and 
have  deep  striae. 

'I'he  limestones  are  such  as  occur  in  the  Pendle  district, 
and  their  presence  confirms  the  author  in  his  belief  that  the 
current  which  denuded  the  coal  of  the  high-lying  seams  of 
Lancashire  and  as  far  north  as  Ingleborough,  and  scattered 
the  boulders  which  we  find  in  this  clay,  came  from  the  north- 
wards, and  probably  from  the  neighbourhood  of  Ingle- 
borough. The  quantity  of  coal  in  small  fragments  was  very 
remarkable,  and  evidences  very  considerable  denudation  of 
the  coal  measures,  as  also  the  presence  of  so  many  boulders 
of  coal  measure  sandstones  and  shales,  such  as  occur  through- 
out the  district  lying  to  the  north  of^hat  Moss.  The  unworn 
fragments  of  the  permian  limestones  and  marlstones  is  an 
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additional  evidence^  their  outcrop  being  in  the  neighbour- 
hood immediately  to  the  northwards. 

Mr.  Ormerod  informs  me  that  the  surfoce  of  the  boulder 
clay  is  in  ridges  or  long  undulations^  and  that  it  frequently 
sinks  into  deep  hollows,  making  the  thickness  of  its  moss 
covering  very  variable. 

b.  The  clay  is  capped  by  a  seam  I  ft.  6in.  thick  of  loamy 
sand,  which  contains  the  roots  and  stumps  of  oak  trees, 
birches,  and  hazels,  the  stumps  being  broken  off  about  a  foot 
from  the  surface,  and  the  trees  lying  near,  embedded  in  the  - 
moss.  Leaves,  branches,  and  hazel  nuts  are  found  in  abund- 
ance in  this  thin  stratum,  upon  which  rests  the  moss. 

In  an  area  of  about  a  quarter  of  an  acre  laid  bare  by  Mr. 
Ormerod's  excavations  were  found  at  least  200  cubic  feet  of 
oak  timber,  which  was  carted  away  for  fuel,  forming  six  cart 
loads.  Some  of  the  trees  were  two  feet  in  diameter,  the  roots 
in  situ  in  the  loam. 

On  one  of  the  trees  was  found  a  fine  specimen  of  a  fungus 
attached  to  the  stem  at  a  foot  or  two  above  the  root.  It  is  a 
fungus  now  found  growing  on  oak  trees,  "  Polyporus  igni- 
arius,''  and  is  in  beautiful  preservation,  the  pores  being  quite 
visible  to  the  naked  eye. 

It  would  appear  as  if  the  level  valley  plain  on  which  Chat 
Moss  now  lies  was  formerly  covered  over  with  a  forest  of 
oaks  with  a  dense  undergrowth  of  birch,  hazel,  and  other 
brushwood.  How  these  trees  were  thrown  down,  and  the 
forest  became  covered  up  by  moss,  is  subject  for  speculation. 
It  was  probably  a  gradual  decay,  owing  to  the  lowlpng, 
undrained  sdil,  which  favoured  the  growth  of  sphagnum  and 
of  such  fungi  as  we  have  seen  attached  to  the  oaks  now  found 
lying  in  the  moss. 

The  occurrence  of  this  thin  stratum  of  loam  containing  the 
roots  of  trees  in  situ,  underlying  the  moss,  is  strikingly  like 
the  underclays  containing  roots  of  the  stigmaria  in  the  coal 
measures. 
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a.  Peat  Moss,  The  general  thickness  of  the  moss,  as  ex- 
posed in  the  excavations  and  drains  made  by  Mr.  Ormerod, 
is  from  17  to  25  feet.  In  some  parts  of  Chat  Moss  the  thick- 
ness is  much  greater,  owing  to  the  irregularities  in  the  sur- 
face of  the  boulder  clay  or  other  stratum  forming  the  base  of 
the  moss.  In  one  place  a  depth  of  at  least  180  feet  has  been 
reached  with  boring  rods,  which  would  place  it  below  sea 
level,  and  would  point  to  the  existence  of  water — possibly  an 
inland  arm  of  the  sea — since  filled  up  by  moss. 

When  the  water  is  drained  off,  the  moss  is  very  consider- 
ably reduced  in  thickness.  We  measured  it  at  two  places 
where  drains  had  been  cut  through  to  the  loam,  and  where 
the  moss  had  originally  been  17  feet  thick.  It  is  now  reduced 
to  8  feet,  having  sunk  above  one  half.  Mr.  Ormerod  believes 
he  has  thus  lowered  an  area  of  300  acres  more  than  3  feet  on 
an  average.  It  is  quite  evident  from  this  circumstance  that 
the  bulk  of  the  moss  is  very  greatly  influenced  by  the  water 
contained  in  it,  and  it  is  probably  from  this  cause  that  mosses 
are  usually  highest  at  the  centres.  The  water  can  get  away 
from  the  margins,  but  it  remains  in  the  centres  and  swells 
up  the  bulk. 

The  existence  of  the  boulder  clay  under  Chat  Moss  affords 
a  ready  means  for  the  reclamation  of  the  surface  for  agricul- 
tural purposes.  Mr.  Ormerod  proceeds  in  the  first  place  by 
carrying  forward  deep  drains  down  to  the  loam,  having  con- 
nection  with  the  lowest  outfall.  These  are  connected  by 
cross  drains,  which  gradually  draw  off  .the  water  and  leave  a 
firm  surface.  The  moss  is  then  turned  over  by  spade  labour, 
after  which  it  is  covered  with  clay  brought  up  from  below  at 
the  extensive  excavation  which  forms  the .  subject  of  this 
paper.  The  land  is  next  manured  with  town  manure,  and, 
being  sown  with  clover  and  oats,  is  found  to  bear  an  excel- 
lent crop  of  oats  the  first  year,  and  clover  and  grass  crops  the 
two  years  following.  In  this  way  it  is  expected  the  whole  of 
Chat  Moss  will  shortly  be  reclaimed. 
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PHOTO  OB  APHICAL  SECTION. 


January  11th,  1866. 


Dr.  J.  P.  Joule,  F.R.S.,  &c.,  Vice-President  of  the  Section, 
in  the  Chair. 

A  note  from  Mr.  Joseph  Sidbbotbam  was  read,  regretting 
his  inability  to  attend  the  meeting,  and  giving  particulars 
respecting  some  photographs  which  he  had  recently  taken 
with  Dallmeyer's  new  wide-angle  lenses  of  frve  and  seven 
inches  focus.  These  prints  were  exhibited,  and  also  one 
taken  with  an  ordinary  lens  from  the  same  spot,  a  compari- 
son of  the  two  showing  tlie  great  advantage  of  the  new  over 
the  old  form  of  lens.  The  time  of  exposure  was  stated  to  be 
from  two  minutes  to  thirty,  seconds  for  collodio-albumen 
plates  at  this  season  of  the  year. 

Professor  Boscob  explained  the  method  of  meteorological 
registration  of  the  chemical  action  of  lights  as  described  in 
his  paper  in  the  Philosophical  Transactions  of  the  Royal 
Society,  which  has  been  chosen  as  the  Bakerian  lecture  for 
1865.  Dr.  Boscoe  exhibited  the  apparatus  needed,  and 
showed  the  method  of  manipulation  adopted  in  .order  to 
obtain  curves  of  daily  chemical  intensity.  He  also  detailed 
the  results  which  have  been  obtained  by  the  employment  of 
his  method  at  the  British  Association's  observatory  at  Kew, 
during  nine  months  of  the  year  1865,  under  the  superintend- 
ence of  the  Director,  Mr.  Balfour  Stewart,  F.R.S. 

Dr.  JouLB  observed  that  he  considered  Dr.  Roscoe's  inves- 
tigations on  this  subject  to  be  equal  in  importuioe  to  tke 
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systematic  registration  of  the  variations  of  temperature,  as 
the  growth  of  corn.  Sec.,  depended  as  much  on  the  chemical 
effect  of  light  as  on  the  temperature  of  the  air. 

Mr.  Baxendell  regardjed  the  subject  as  a  new  department 
in  meteorology,  and  one  likely  to  yield  results  of  considerable 
interest  and  importance. 

Mr.  Fabry  suggested  that  it  was  desirable  to  have  obser- 
vations made  at  more  than  one  station,  and  at  a  distance 
from  Kew. 

Dr.  RosooE  stated  that  he  hoped  in  a  short  time  to  perfect 
apparatus  for  effecting  the  registration  of  the  chemical 
changes  in  the  light  by  means  of  self-acting  apparatus,  so  as 
to  lessen  the  labour  of  making  the  observations. 

It  was  suggested  that  a  simple  photometer  would  be  useful 
to  photographers  working  with  dry  plates,  and  Dr.  Roscoe 
said  he  would  endeavour  to  carry  out  the  idea. 
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inCBOSCOPICAL  AND  NATURAL  HISTOBT  SECTIONS. 

January  17th,  1866. 

A.  G.  Latham,  Esq.,  President  of  the  Section,  in  the  Chair. 

The  following  donations  were  announced :  — 

Roper's  Catalogue  of  Microscopic  Works,  by  the  Author. 
Kolliker's  Manual  of  Human  Microscopic  Anatomy,  by  the 

Executors  of  the  late  George  Mosley,  Esq. 
Beck  on  the  Jtficroscope,  by  the  Secretary. 
Six  slides  of  seeds  and  fungi,  by  the  Secretary. 
Several  slides  of  sections  of  a  Cidaris  firom  the  Indian  Ocean, 

by  Mr.  Pany. 

The  Sbcebtary  reported  that  he  had  made  a  catalogue  of 
the  collection  of  microscopical  objects  belonging  to  the 
Section. 

Mr.  SiDBBOTHAM  remarked  on  the  best  cement  to  use  in 
forming  cells  for  fluid  preparations,  and  stated  that  gold  size 
appeared  to  prevent  the  entrance  of  air  bubbles  better  than 
Japan  varnish  or  Brunswick  black,  which  latter  in  time 
became  porous,  and  also,  from  the  evaporation  of  its  turpen-' 
tine,  brittle.  He  said  he  and  Mr.  Thwaite  were  perhaps  the 
first  to  use  this  method  of  mounting  objects,  and  that  he 
possessed  slides  of  gold  size  cells  made  in  1844,  which  were 
still  quite  perfect,  while  those  he  mounted  with  Japan  black 
in  1850  were  most  of  them  spoiled,  and  that  he  had  again 
reverted  to  the  use  of  gold  size  for  the  formation  of  the  cell, 
using  Japan  varnish  for  its  final  closing  only. 


The  Sbgketji  ry  said  gold  size  remained  viscid  for  a  long 
time,  and  that  if  the  cells  formed  of  it  were  not  well  dried  for 
a  considerable  period,  or  even  baked  in  an  oven,  the  size  was 
very  liable  to  *'run  in"  and  spoil  the  preparation.  He  had 
re-varnished  the  Section's  collection  with  a  mixture  of  Japan 
varnish  and  gold  size^  and  thought  the  gold  size  would  pre- 
vent the  Japan  varnish  from  becoming  brittle  or  porous, 
while  the  latter  would  prevent  the  gold  size  from  running 
in;  but  he  strongly  recommended  that  all  collections  should 
be  re-varnished  every  five  years,  and  deprecated  the  use  of 
covering  papers  on  slides  of  fluid  preparations,  as  it  prevented 
this. 

Mr.  Latham  recommended  the  addition  of  a  solution  of 
india-rubber,  and  Mr.  Parry  of  wax,  to  Japan  varnish,  to 
obviate  its  tendency  to  become  porous  and  brittle. 

Mr.  He^s  showed  a  well  mounted  specimen  of  the  exuvium 
of  the  larva  of  a  Dragon  Fly,  and  stated  he  found  these 
insects  were  easily  brought  to  cast  off  their  skins  by  changing 
the  water  in  which  they  were  kept — if  soft,  to  hard,  and  vice 
versa,  or  if  muddy,  to  fresh. 

Mr.  Parry  exhibited  mounted  specimens  of  an  Ammonite. 

Dr.  Alcock  said  that  among  Foraminifera  from  Dogs  Bay 
which  he  had  lately  mounted,  he  thought  there  were  some 
slides  likely  to  interest  the  members.  Many  of  the  deformed 
specimens  of  Lagena  striata  (Williamson)  were  very  curious, 
and  a  double  one,  having  the  neck  as  well  as  the  body  double, 
deserved  particular  notice.  He  said  that  he  was  quite  con- 
vinced the  striated  Lagena  with  a  mucro  at  the  base  is  not  a 
mere  sub-variety  of  Lagena  striata,  but  is  very  distinct  from 
it ;  there  were  many  specimens  of  it,  all  agreeing  in  their 
peculiar  characters,  and  he  proposed  for  it  the  varietal  name 
of  L«  mucronata.    The  Lagena  with  a  collar  at  the  base  of  the 
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neck,  described  by  him  in  a  previous  paper,  was  undoubtedly 
distinct  from  any  of  the  named  forms,  and  he  proposed  to  call 
it  Lagena  antiqua.  In  his  examinations  of  the  Dogs  Bay 
sand  one  specimen  only  of  Lagena  vulgaris  typica  (William- 
son) had  occurred,  though  L.  clavata  was  comparatively 
common.  Perhaps  the  most  interesting  find  was  a  perfect 
and  characteristic  specimen  of  Lagena  crenata,  a  form  lately 
described  and  figured  by  Parker  and  Jones,  from  Australia, 
but  he  believed  not  hitherto  observed  as  British  in  the  recent 
state.  The  very  magnificent  specimens  of  Entosoleuia  Melo 
also  deserved  notice,  and  the  curious  specimens  of  Truncatu- 
lina  lobata  with  the  later  chambers  ^^run  wide,'*  and  various 
monstrous  forms  of  Miliolina,  would  be  examined  with 
interest* . 
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Ordinary  Meetings  February  6th,  1866. 


J.  P.  JouLB,  LL.D.9  F.B.S.,  &c.,  Vice-President,  in  the 
Chair. 

The  Chairman  adverted  to  the  loss  the  Society  had  expe- 
rienced by  the  unexpected  death  of  Mr.  Parry,  who  from 
the  period  of  his  election  in  1833  had  constantly  promoted 
the  success  of  the  meetings  by  his  intelligence  and  kindly 
intercourse  with  the  members. 

Mr.  Baxbndbll  said  that  it  might  interest  some  of  the 
members  of  the  Society^  especially  those  who  had  commercial 
relations  with  India,  to  hear  that  the  system  of  forecasting 
the  weather,  and  particularly  the  occurrence  of  cyclone 
storms,  had  been  introduced  into  that  country  by  Mr.  Pogson, 
the  government  astronomer  at  the  Royal  Observatory, 
Madras.  The  first  trial  was  made  on  the  S5th  November 
last,  when  the  indications  of  a  distant  but  approaching 
cyclone  induced  Mr.  Pogson  to  send  a  notice  to  the  Governor, 
Sir  William  Dennison,  who  promptly  despatched  a  number 
of  mounted  sepoys  to  convey  the  information  to  various 
o£Bcials  and  direct  them  to  prepare  for  the  coming  storm. 
Next  day,  uprooted  trees  on  shore  and  disabled  ships  in  the 
roadstead  showed  that  the  indications  had  been  rightly  inter- 
preted. On  the  4th  December  the  weather  had  again  a  very 
PiooiiDiHM—LiT.  &  Phil.  Sooikt.— Vol.  Y.— No.  10— Sbsnov  1865-6. 
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threatening  appearance^  and  the  officials  of  the  Marine  depart- 
ment ordered  all  the  vessels  in  the  roadstead  to  put  to  sea ; 
but  Mr.  Pogson^  guided  by  the  principles  which  had  served 
him  so  well  on  the  25th  November^  concluded  that  a  cyclone 
was  passing  far  to  the  south,  but  would  not  approach  suffi- 
ciently near  to  cause  a  severe  gale  at  Madras,  and  he  there- 
fore ventured  to  send  the  message,  ^'  No  need,  the  storm 
will  not  come  here/'  and  the  result  fully  justified  Ae  confi- 
dence he  had  placed  in  his  conclusions,  as  the  storm  passed 
without  the  wind  at  Madras  attaining  a  dangerous  force,  and 
unusual  precautions  proved  therefore  to  be  unnecessary. 

A  paper  was  read  entitled  ^^  Notes  on  the  Origin  of  several 
Mechanical  Inventions,  and  their  subsequent  applicatioQ  to 
different  purposes.*'     Part  III.     By  J.  C.  Dteb,  Esq.,  V.P. 

On  Nail  Making  by  Machinery. 

About  the  beginning  of  this  century  the  great  consumption 
of  nails  in  America,  in  wood  buildings,  and  the  high  rate 
of  skilled  labour,  had  led  to  many  attempts  to  make  nails 
by  a  more  summary  process  than  that  of  the  hammer  and 
anvil,  used  for  making  those  imported  from  England.  Those 
called  ^*  cut  nails,''  were  made  by  cutting  angular  slips  from 
iron  plates  by  the  common  shears,  and  the  heads  were  made 
by  a  separate  process  of  the  die  and  hammer,  worked  by 
hand ;  and  to  unite  these  two  operations  in  one  machine  was 
the  object  sought.  For  this  purpose  a  machine  was  invented 
and  patented  by  Mr.  J.  Odiorne,  and  another  machine  by 
Mr.  Jacob  Perkins,  about  the  year  1806.  These  two  patents, 
though  for  the  same  object,  differed  so  fitr  in  construction 
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tkat  they  weve  held  to  be  distinct  inventions.  A  third 
machine  was  invented  by  a  Mr.  Reed,  which,  however,  was 
a  combination  of  the  former  two,  and  I  believe  was  not  held 
valid  as  a  patent.  In  1810,  Messrs.  Wells  and  Co.,  of  the 
Charles  River  Iron  Works,  n^ar  Boston,  having  arranged 
with  the  patentees,  sent  out  modeb  of  the  nail  machine  to 
me  in  London,  to  be  patented  for  our  joint  account.  The 
operations  of  the  machines  were  as  follow : — 

1st.  Feeding-plates,  of  the  width  and  thickness  to  form 
the  nails,  are  pashed  endwise  over  a  fixed  catter,  against  a 
stop  under  the  traversing  catter,  and  at  such  angle  with  the 
line  of  the  eutters  as  to  give  the  severed  nail  the  head  and 
point  ends,  and  the  plates  turned  over  between  each  suc- 
cessive <mt. 

3nd.  A  fixed  gripping  die  is  plaoed  just  under  the  fixed 
cutter,  the  face  of  it  and  the  cutter  being  in  the  same  line, 
and  the  counter  die  moves  forward  to  bring  both  together,  so 
as  to  hold  the  nails  firmly,  a  portion  of  the  large  end  standing 
out  beyond  the  dies  to  form  the  heads  of  the  nails. 

8rd.  The  heading  die  then  advances  and  presses  the  end 
into  the  ''rose/'  "  clasp,"  or  ''clout"  heads. 

Success  or  failure  often  depends  upon  slight  changes  in 
power-driven  machines.  These  nail  machines  answered  very 
well  for  large  nails,  but  failed  as  applied  to  very  small  ones, 
but  as  a  means  of  saving  the  labour  applied  to  making  tacks 
and  very  small  nails,  it  became  important  to  adapt  the 
machines  to  them  also.  This  object,  after  some  time,  I  suc- 
ceeded in  accomplishing,  and  thereby  rendered  the  patent 
nail  manufactory,  established  under  the  patents  for  the 
original  invention  and  the  improvements  on  it,  a  success. 
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For  a  full  description  of  these  inventions  I  must  refer  to  the 
specifications  of  the  patents,  and  to  the  paper  in  extento,  as 
they  could  not  be  made  intelligible  within  the  limits  of  this 
abstract.  The  average  rate  of  working  was  about  100  per 
minute  for  nails  and  120  per  minute  for  tacks.  In  after 
practise  the  tack  machines  averaged  about  80,000  a  day, 
whilst  the  best  hand-workers  made  about  1,200  to  1,400  a 
day.  Each  machine  was  tended  by  a  youth,  much  like  those 
employed  in  hand-making,  so  that  one  hand  with  the  machine 
turned  out  as  many  tacks  per  day  as  would  require  about 
sixty  hands  working  with  hammer  and  anvil.  I  have  been 
informed  that  the  speed  of  these  machines  has  been  greatly 
increased  of  late  years.  Some  of  the  movements  in  these 
nail  machines  have  since  been  adopted  and  found  very 
efficient  in  rivetting  machines  and  others  of  recent  invention. 
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MIOBOSOOPIOAL  AND  NATUBAL  HISTOBT  SECTIONS. 
January  29th,  1866. 

J.  SiDBBOTHAH,  Esq.,  in  the  Chair. 

The  following  specimens  were  exhibited : — 

Two  figures  of  the  gills  of  fungi  on  glass,  made  by  the 
dropping  of  their  spores,  by  Sir  J.  Herschel,  exhibited 
by  Mr.  Sidebotham;  also  similar  ones  prepared  by  Mr. 
Sidebotham. 

Small  cyclophorus-like  shells,  with  a  considerable 
part  of  the  later  growth  free  and  strangely  contorted, 
from  Borneo,  Mr.  Sidebotham. 

Leaves  of  some  Indian  plants,  mounted  for  the  micro- 
scope, Mr.  Hurst. 

Mounted  Foraminifera,  from  shore  sand.  Port  Ade- 
laide, South  Australia,  Dr.  Alcock. 

Mr.  Linton  said  that  the  abundant  appearance  last  year 
of  the  humming  bird  hawk  moth  had  afforded  many 
collectors  and  admirers  of  nature  excellent  opportunities 
of  watching  this  interesting  and  amusing  insect  in  pursuit 
of  its  food,  and  of  observing  its  remarkable  agility,  darting 
from  flower  to  flower,  and  then  poising  itself,  apparently 
stationary,  while  its  long  proboscis  is  put  out  with  almost 
instantaneous  velocity.  It  is  very  shy,  and  when  disturbed 
darts  away  to  a  great  height  in  the  air,  but  it  returns  after 
a  time  and  often  to  the  same  spot.  He  had  observed  one  in 
his  garden,  at  Old  Trafford,  about  a  clump  of  sweetwilliams, 
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and,  after  two  unsuccessful  attempts  in  one  day,  he  succeeded 
on  the  following  day  in  taking  it.  During  the  time  when  the 
insect  was  abundant,  many  letters  referring  to  it  appeared  in  the 
Times  newspaper,  and  in  these  it  was  constantly  stated  that 
the  insect  visits  only  scarlet  or  bright-coloured  flowers,  such  as 
the  scarlet  geranium  and  verbena ;  but  if  closely  watched  it 
will  be  found  not  to  confine  itself  to  any  particular  flower, 
and  in  the  case  just  mentioned  it  chose  the  sweetwilliams, 
though  these  were  at  the  time  quite  on  the  decline,  and  there 
was  abundance  both  of  geraniums  and  verbenas  in  the  garden. 
While  staying  at  Pensam  he  observed  one  of  these  moths 
on  two  successive  days  resting  during  the  hottest  part  of  the 
day  on  a  newly  whitewashed  wall.  It  might  be  supposed 
that  the  most  likely  place  to  find  the  moth  would  be  hover- 
ing over  the  plants  on  which  the  larvfe  feed,  which  are 
Galium  verum  and  O.  moUuga;  but,  while  in  Wales  in 
August,  he  visited  a  spot  daily,  for  a  fortnight,  where  these 
plants  were  growing  in  great  luxuriance,  and  never  once  saw 
the  moth  at  that  place,  though  he  found  the  larva  and  suc- 
ceeded in  rearing  it.  The  pupa  cannot  be  said  to  bury  itself 
in  the  earth,  for  it  is  found  with  only  a  few  leaves  drawn 
together  over  it. 

Mr.  Linton  also  announced  having  bred  the  butterfly, 
Grapta  C.  album,  from  the  larva  taken  by  himself  at  Aber- 
gele. 
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PHYSICAL  AND  MATHBMATIOAL  SECTION. 
February  Ist,  1866. 

E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

The  foUowiug  *^  Results  of  Rain-gauge  and  Anemometer 
Observations  made  at  Eccles,  near  Manchester,  during 
the  year  1865,"  were  communicated  by  Mr.  Thomas 
Mackerbth,  F.R.A.S.,  M.B.M.S.:— 

During  the  past  year  I  have  been  able  to  register  the  rain- 
fall at  Eccles,  from  four  different  gauges ;  two  I  have  placed 
three  feet  above  the  ground,  thirty-four  feet  from  any  dwelling- 
house,  and  fourteen  feet  from  my  astronomical  observatory, 
which  stands  ten  feet  higher  than  the  receivers  of  these 
gauges.  This  ten  feet  measures  to  the  apex  of  the  revolving 
roof  of  the  equatorial  room.  The  receivers  of  the  rain  gauges 
on  the  ground  are  of  different  shapes,  one  being  round,  lOin. 
diameter,  the  other  5in.  square.  The  other  two  gauges  are 
placed  four  feet  above  the  ridge  of  my  house,  quite  above  the 
chimneys  and  free  from  the  influence  of  any  erections  what- 
ever. One  of  the  gauges  is  Sin.  square,  like  the  5in. 
one  that  is  three  feet  above  the  ground^  on  Olaisher's  plan^ 
with  an  edge  inclined  inwards,  as  is  usual  with  rain  gauges. 
The  other  is  also  5in.  square,  but  with  an  edge  inclined 
outwards.  These  gauges  are  thirty-two  feet  from  the  ground. 
The  water  falls  into  glass  vessels,  into  which  the  receivers 
are  made  to  fit,  exactly  like  the  Sin.  gauge  three  feet  from 
the  ground,  so  that  there  is  no  tube  required  for  it  to  flow 
through  and  thus  to  cause  loss  by  evaporation.    Below  I 
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present  the  monthly  amounts  of  rain  that  fell  into  each 
gauge,  and  the  number  of  miles  of  horizontal  movement  of 
the  air. 


1866. 


BainftJlin 
Mn.  ■qvan 

inoUned 


S2fk.  frani 
grouxid. 


BainfaUin 


inclined 

Inwv^ 

SStt,  frani 

groimd. 


8ln.tq[ittre 

w6b°edco 
InoUned 
lnwmfd% 
Sft.  from 
gxoond. 


BainteUin 
lOla.  round 

Inclined 
tnwydn 
Sftb  tnan 
ground. 


of  air 
In  I 


JanuAiy.... 
February  . 
March    .... 

April 

May  

June  , 

July  

August 

September.. 

Ootober 

November.. 
December . . 


2-238 
1-872 
1-820 
0-993 
2-586 
0*830 
1-888 
4-808 
0*481 
4-363 
2-696 
0-669 


2-486 
2137 
1-730 
1-026 
2-606 
0-840 
1-992 
4-832 
0-548 
4-621 
2-830 
0*589 


2-956 
2-582 
1-700 
1-083 
2-840 
0-943 
2*048 
4*967 
0*663 
4491 
2-744 
0673 


2*962 
2*489 
1*721 
1*102 
2-884 
0*943 
2*085 
4-977 
0*671 
4*560 
2-818 
0-717 


5,260 

4,309 

4,480 

4,724    , 

8,499    I 

8,216 

8,784 

3,615 

3,069 

4,286 

4,237 

4,263 


Totals I   24-628    \   26*235 


27-685 


27-809 


48*761 


The  next  table  shows  the  fall  of  rain  in  each  gauge  under 
the  same  general  direction  of  the  wind,  and  the  corresponding 
daily  amount  of  horizontal  movement  of  the  air. 


General  direction  of  the 
wind  N. 

Average  daily  horizontal 
morement  of  the  air 
in  miles 79 

Fall  of  rain  in  hiohes  in 
5in.  gauge  with  edoe 
inclined  outwards  32n. 
from  ground 1*414 

In  gauge  with  edge  in- 
clined inwards  32ft. 
from  ground 1*468 

In  5in.  gauge  with  ed^ 
inclined  mwards  3lt. 
frx)m  ground 1*472 

In  ordinary  lOin.  gauge 
Sft.  leet  from  ground..  1-601 


Number  of  days 


6 


N.E. 


E. 


124  I  143 

2-011  io-259 
2-054  0-271 


2-425 


0317 


2-416  0-327 


27    I    6 


S.B. 
166 

4*060 

4*286 

4-550 
4*610 


36 


8. 
178 

5-246 

5*866 

6*000 
6-069 


S.W. 
162 

6*738 
7-169 

7*258 
7-368 


W. 

183 

2*099 
2*280 
2-616 


43 


N.W. 
149 

2*701 
2*840 
2-949 


2-616  3-006 


16 


28 


From  the  above  table  it  appears  that  the  least  amount  of 
rain  falls  with  an  east  wind^  and  the  greatest  with  a  south- 
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westerly  wind.  The  strongest  wind  with  rain  is  the  west 
wind,  and  it  is  known  that  the  strongest  gales  are  from  winds 
a  little  north  of  west.  This  shows^  though  the  above  table 
is  framed  from  the  observations  of  one  year  only^  that  the 
strongest  winds  are  from  nearly  the  same  quarter^  even  when 
rain  falls  with  them. 

The  following  table  shows  the  average  daily  rainfisdl  in 
each  Jdnd  of  gauge  when  the  velocity  of  the  wind  has  ranged 
between  the  number  of  miles  indicated  in  the  first  column. 


D*ay 

82  feet  from  ground. 

Morement  of 

Wind. 

with 

with 

.   irtth"    - 

lOln.  ordinaiy 

•^S!^-" 

^wardf. 

inwards. 

loondgMga. 

Oto   SOmiles 

•029 

•030 

•042 

•046 

60  to  100     „ 

•108 

•106 

•110 

•114 

100  to  150     „ 

•220 

•282 

•281 

•288 

160  to  200     „ 

•108 

•118 

•122 

•124 

200  to  260     „ 

•161 

•160 

•174 

•176 

260to800     „ 

•127 

•188 

•164 

•168 

Abore  800     „ 

•174 

•204 

•197 

•211 

The  Prbsidbnt  remarked  with  reference  to  the  difference 
between  the  two  elevated  gauges  that  a  Olaisher's  gauge, 
with  the  rim  inclined  inwards,  would  refifister  more  than  the 
true  amount,  as  the  spray  from  drops  striking  the  rim  on 
the  windward  side  would  be  carried  over  into  the  gauge ; 
while,  on  the  other  hand,  a  gauge  with  a  rim  inclining  out- 
wards would  give  less  than  the  true  amount,  because  the 
spray  from  drops  falling  on  the  rim  on  the  lee  side  would  be 
blown  away  and  lost. 


Mr.  Baxsndell»  F.R.A.S.,  read  the  following  ''  Note  on 
the  Variable  Star  S  CoronsB." 

This  variable  was  discovered  on  the  5th  of  August,  1860, 
by  Dr.  Hencke,  of  Driesen,  and  a  notice  of  it  inserted  in  the 
Astronamische  Nachriohten,  No.  1281.  So  far,  however,  as 
I  am  aware,  no  account  of  any  observations  made  since,  has 
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yet  been  published,  and  I  b^ve  thomfore  thought  it  might  be 
dedrable  to  commumcate  to  the  Section  the  results  of  two 
series  of  obseivations  which  I  have  made  at  Mr.  WorUxingtoa's 
observatory,  and  which  have  enabled  me  lo  determine  its 
approximate  mean  period  and  epoch  of  maximum*  The  fiist 
series  commenced  on  the  26th  of  May,  and  ended  on  the  3 1st 
of  October,  1864.  A  projection  of  the  observations  shows 
that  a  m&iiBaum  occurred  on  the  13th  of  August,  (9^^  the 
m^nitude  being  6*7.  The  second  series  began  on  the  2nd 
of  April  and  was  continued  till  the  12th  of  November,  1865, 
the  star  during  this  time  rising  from  the  1 1  '9  magnitude  on 
April  2nd  to  a  maximum,  6*6  magnitude,  on  July  !7th,  and 
afterwards  declining  to  the  8*6  magnitude  on  November  ISth. 
An  inspection  of  the  light-curves  which  accompany  this  note 
will  show  that  only  one  period  could  have  elapsed  between 
the  dates  of  these  two  maxima ;  and  as  Dr.  Hencke's  obser- 
vations  in  1860  indicate  that  a  maximum  occurred  about  the 
1st  of  September  in  that  year,  we  have  the  following  datfi  for 
the  determination  of  the  star's  elements  :^- 

OBSSBTXD  UiTJCKVAL  KtnCXSB  OF 

MAxntA.  nrsATS. 


1860.    September  1 U41     4 

1864.  August  12 339     1 

1865.  July  17 

Equating,  and  treating  by  the  method  of  least  squares,  we 
have 

Hean  Period =  357*2  days. 

Epoch  of  Maximum =  1863,  Ai:^gust  10*6. 

The  times  of  maxima  calculated  from  these  elements, 
coI^9ared  with  the  observed  times,  give  the  following  differ- 
ences:— 

C-0 

days 

+   2-0 

-10-2 

+   8-0 


Ill 


I  hay(s  Mt  obs^fVed  B  CotOtiftWben  hi  itb  toiniditim 
brightness^  ancl  cannot  tlierefore  give  the  lotvelr  litiit  of  its 
range  of  variation^  nor  the  interval  from  minimum  to  ifiaxi^ 
muftii  My  observations  show,  however,  that  it  belongs  to 
Ae  list  of  variables  Which  inci^ease  in  brightiiess  mete  rapidly 
thaii  they  diminish.  Thns  in  1864  it  rose  through  4'5 
magnitudes  in  78  days,  but  fell  through  only  1*5  thagnitodes 
in  80  days;  and  in  1865  it  increased  5*3  magnitudes  in  106 
days,  but  diminished  only  2*0  magnitudes  in  1 18  days. 

The  place  of  8  Coron»  for  1865*0  is  15  h.  15  m.  54*6  s. 
+3r  51*2^  The  calculated  time  of  its  next  maximum  is  1866, 
July  17;  and  for  the  convenience  of  observers  who  may  be 
disposed  to  Watch  its  changes  and  record  their  obiservatious^ 
I  append  to  this  communication  a  small  chart,  and  a  list  ef 
comparison  stars  with  their  magnitudes. 


XV.  hours. 

14  m.              16  m.            18  m. 

+  81°  2C 
+  31«»  iC 

+  820  2(y 

i 

+  31°  2(y 
+  81°  4fy 

+  32°    0' 
+  82°  20^ 

• 

— 

*   ■• 

* 

1 

1  i-  in.            It]  lu,           ly  [Ti, 

UAaNITUDBS  OF  COMPASISOK  STABS. 
a  =  6-8  d=  8-6  ff=Ui 


6  =  7-9 
c  =  8-2 


«=   8-8 
/=10-2 


A=ll-9 
t=l2-6 
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Mr.  Baxshdbll  also  read  the  following  aMDmanicatkm 
''  On  the  Determination  of  tlie  Mean  Form  of  the  light-cnrre 
of  a  Variable  Star/* 

Since  the  publication  in  the  last  number  of  the  Society's 
Proceedings  of  my  '^Note  on  T  Aquil»/'  I  have  been 
requested  to  give  an  explanation  of  the  method  I  employ  to 
obtain  the  mean  light-curve  of  a  variable  star.  Many  years 
ago  I  adopted  a  method  which  I  afterwards  found  was  very 
similar  to,  if  not  identical  with,  the  one  used  by  Professor 
Argelander  for  the  same  purpose ;  but  I  have  recently  em- 
ployed another  plan  which  appears  to  be  decidedly  preferable, 
as  it  saves  time,  renders  unnecessary  a  great  deal  of  tedious 
computation,  and  gives  results  of  greater  weight  and  value 
than  those  obtained  by  the  former  method.  It  is  simply  this : 
Having  determined  the  elements  of  a  variable  star,  calculate 
the  times  of  all  the  maxima-— or  minima,  as  the  case  may  be — 
that  have  occurred  during  the  period  over  which  the  observa- 
tions extend ;  then,  taking  the  original  lightrcurve,  read  off 
the  values  of  the  ordinates  for  each  day,  and  arrange  them 
in  a  table  having  as  many  columns  as  there  are  days  in  the 
star's  mean  period,  or,  in  many  cases,  it  will  be  sufficient  to 
take  every  second,  or  even  third  day,  always  reckoning,  of 
course,  from  the  last  preceding  maximum  or  minimum,  and 
then  adding  together  the  values  in  each  column,  and  taking 
the  means,  we  have  the  numbers  from  which  to  lay  down  the 
starts  mean  light-curve. 
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Ovdinarj  Meeting,  February  ^th^  1866. 

R.  Ajvous  Shith,  PluD.,  F.B.S.,  &o.,  President,  in 
the  Chair. 

Mr.  E.  W.  BiNNBY,  F.R.S.,  said  *that  in  the  calcareous 
nodnles  found  in  the  Upper  Foot  coal,  a  mine  lying  about 
fifteen  yards  above  the  Gannister  coal  at  Moorside  and  other 
places  near  Oldham,  he  had  met  with  a  small  stem  of  fossil 
wood  showing  structure  in  a  very  perfeot  state.  It  evidently 
belonged  to  the  genus  Pinites  of  Witham,  since  changed  by 
Endlicher  and  Brongniart  into  Dadoxyhn;  but  after  com- 
paring it  with  the  species  figured  and  described  by  thoso 
authors,  and  more  lately  by  Professor  Schimper  of  Stras^ 
bourg,  he  was  of  opinion  that  it  was  a  new  one.  The  spoci*^ 
men  was  also  more  complete  than  any  other  with  which  he 
was  acquainted,  although  it  was  but  of  diminutive  size. 

It  has  generally  been  supposed  that  the  coniferous  woods 
found  in  the  coal  measures  were  only  to  be  met  with  in  sand- 
stone rocks,  and  not  in  seams  of  coal  or  beds  of  shale,  and 
had  been  drifted  from  high  and  dry  lands  into  the  waters  in 
which  such  deposits  had  been  formed,  and  had  not  grown  on 
the  places  where  they  were  discovered  like  SigiUaria  and  its 
root  StigmoHa.  The  specimen  of  Dadoxyhn  now  described, 
however,  had  equal  claim  to  be  supposed  to  have  grown  on 
Ae  spot  where  it  was  found  as  any  SigiUaria  met  with  in  the 
some  seam  of  coal. 

The  stem  is  nearly  cylindrical  and  enveloped  in  a  matrix 
of  limestone,  so  that  we  cannot  see  its  external  characters. 
I4s  diameter  is  about  one  half  of  an  inch. 
.  On  examination  of  a  transverse  section  of  the  stem  we  find 
a  medullary  axis  composed  of  irregular  polygonal  cells  full  of 
dark  carbonaceous  matter  separated  by  intervening  spaces 
Proobxdihos— Lit.  &  Phil.  Sooibtt.— Vol.  V.— No.  11— Sbssiov  1S66-6. 
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vertically^  and  thus  forming  a  kind  of  discoid  pith  somewhat 
similar  to  that  noticed  by  the  late  Professor  Corda,  and  after- 
wards by  Professor  W.  C.  Williamson^  F.R.S.,  in  a  paper  pub* 
lished  in  vol.  ix.^  second  series^  of  the  Society's  memoirs.  This 
pith  in  the  present  specimen  appears  to  be  separated  from  cer- 
tain lunette-shaped  bundles  of  hexagonal  tubes  of  large  siae, 
arranged  in  a  convex  form  towards  the  pith  inwards,  and 
lessening  in  size  as  they  pass  outwards  into  wedge-shaped 
masses  of  four-sided  subhexagonal  cellules  arranged  in  radia- 
ting series  and  divided  by  large  medullary  rays  or  bundles 
which  appear  to  originate  in  the  lunette-shaped  masses.  On 
the  outside  of  this  internal  radiating  cylinder  are  other 
lunette-shaped  bundles  similar  to  those  in  the  inside  pre- 
viously described  and  also  with  a  convex  outside.  Then 
comes  a  narrow  zone  of  lax  tissue  which  has  been  a  good 
deal  disarranged.  Outside  this  are  some  thin  wedge-shaped 
bundles  of  cellules  full  of  dark  carbonaceous  matter,  and 
arranged  in  radiating  series  of  varying  sizes  separated  by  lax 
tissue  probably  representing  the  bark  of  the  tree. 

In  the  longitudinal  sections  the  cellules  are  seen  to  be 
greatly  elongated  and  divided  with  oblique  and  transverse 
dissepiments  placed  at  great  distances.  Two  of  the  walls, 
namely  those  facing  the  medullary  rays,  are  regularly  reti- 
culated'with  six,  seven,  and  eight  series  of  hexagonal  areolae 
arranged  contiguously  but  not  in  a  line. 

In  the  tangential  section  the  walls  of  the  cellules  also  show 
a  reticulated  appearance  something  like  that  previously 
noticed,  but  not  in  so  marked  and  distinct  a  manner,  and  the 
medullary  rays  or  bundles  in  their  section  show  numerous 
irregular  series  of  small  cellules  of  one  to  four,  and  more 
rarely  much  larger  cellules. 

The  arrangement  of  the  lunette-shaped  bundles  next  the 
pith  reminds  us  of  similar  masses  described  by  Brongniart  as 
occurring  in  his  SigiUaria  elegans^  but  the  cellules  in  my 
specimen  are  much  more  irregular  in  size  than  those  of 
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Siffittaria,  and  there  are  no  traces  of  Btriae  upon  their  sides. 
The  same  may  be  said  of  somewhat  similar  lunette-shaped 
masses  appearing  on  the  outside  of  the  internal  radiating 
<;ylinder. 

The  areolae  on  the  walls  of  the  cellules  are  more  numerous 
than  in  any  species  of  Pinites  or  Dadoxyhn  which  have 
hitherto  come  under  my  notice,  the  P.  tneduUaris  of  W itham 
having  the  walls  of  its  elongated  cellules  reticulated  with 
two,  three,  and  four  series  of  contiguous  areolse,  and  those 
only  on  the  walls  parallel  to  the  medullary  rays,  while  in 
my  spedmen  they  are  reticulated  with  six,  seven«  and  eight, 
and  not  only  on  such  walls,  but  also  on  the  walls  at  right 
angles  to  the  medullary  rays.  The  lunette-shaped  bundles 
of  cellules  both  in  the  inside  and  outside  of  the  internal 
radiating  cylinder  are  different  from  those  seen  by  me  in  any 
other  specimens  of  Dadoxt/lon.  For  the  purpose  of  distin- 
guishing it  the  name  D.  Oldhamiwn  has  been  given  to  it. 

A  paper  was  read  ^  On  Air  from  off  the  Atlantic,  and  from 
some  London  Law  Courts,"  by  B.  Angus  Smith,  Ph.D., 
F.R.S.,  &c..  President. 

The  specimens  of  air  collected  by  Mr.  Fryer  when  on  his 
way  to  West  Indies,  and  those  collected  in  Antigua,  are 
ivorth  remarking,  as  the  first  agrees  with  the  figures  obtained 
previously  when  examining  air  on  the  sea  shore  and  open 
heaths  of  Scotland,  where  the  highest  average  was  obtained, 
and  the  second  agrees  with  the  numbers  obtained  in  more 
inhabited  but  not  closely  inhabited  places. 

Those  from  a  law  court  are  interesting ;  they  are  the  most 
deficient  in  oxygen  of  any  specimens  found  by  me  during  the 
day  in  inhabited  places  above  groimd.  The  first  is  almost 
exactly  the  same  as  the  average  found  in  the  currents  of 
galleries  in  metaliferous  mines;  that  from  the  lantern  is 
nearly  the  same  as  the  specimens  found  close  to  the  shafts  of. 
the  same  mines,  meaning  of  course  the  average  of  many 
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specimens.  I  hav«  not  known  any  milk  or  workiIio|M  so 
deficient  in  air.  I  consider  a  loom  Ind  when  il  loses  i^d> 
and  workshops  very  bad  when  tfaey  lose  SyOOQ  of  oxygen  out 
of  a  million  parts ;  here  the  loss  is  actually  5,000  lees  than 
the  parks  of  London.  The  eisciimstance  is  stvangei^  and  I 
hope  unusual.  A  scientific  friend  happened  to  call  my 
aHention  to  it  and  wished  me  to  examine  tha  ur.  The 
moisture  from  the  window  was  collected  and  there  were  seve- 
ral ounces  obtained^  and  more  might  hare  been  easily  found. 
It  was  perspiration  in  great  part»  the  smell  of  it  was  distinet. 
It  is  putrefying,  and  decolorises  move  permanganate  now  than 
it  did  at  first.  Mere  clumge  of  air  will  not  purify  a  room, 
like  this — a  ourrent  must  pass  duxHigh  it  for  a  long  time 
until  complete  oxidation  takes  pboe. 

OXTOEN  PER  OSNT  IK  SOME  SPBCI¥ENS  OP  AlR. 


18ft  above  water.     Fhie  day. 

2  30  p.m. 

Lat  43-05,  W.  17>12. 

21-0100 
21-0000 
20-9700 


St.  John's,  Antigua. 

April  11th,  1865.     9  a.m. 

Showery  morning 

20-9600 
20-9100 
21-0000 


Mean  20-9900* 


Mean  20*9500 


litw  Court,  from  the  lantern, 
Law  CJourtj  Feb.  2nd,  1866.      4  30  p.m.  just  as  the  court  was 

closing. 

20-6400  20-5000 

20-6700  20-4800 


Mean  20*6500  Mean  20-4900 

•  Hay  be  rei^  £09,900  In  s  milUon,  and  ao  with  U»  others. 
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Ordinary  Meeting,  March  6th,  1866. 

R.  Angus  Smith,  Ph.D.,  F.R.S.,  &c.,  President,  in  the 
the  Chair. 

Mr.  E.  SoNSTADT  communicated  the  following  ^^  Note  on 
the  Purification  of  Platinum :" — 

The  tendency  of  platinum  to  alloy  with  other  metals, 
at  a  temperature  far  below  its  fusing  point,  is  sufficiently 
well  known  to  every  user  of  platinum  crucibles.  It  is  equally 
well  known  that  iron,  &c.,  which  has  been  absorbed  by 
platinum  cannot  be  removed,  except  superficially,  by  the 
action  of  hydrochloric  acid  for  instance,  nor  even  by  heating 
in  acid  sulphate  of  potassium.  Stas,  in  his  memoir  on 
the  atomic  weight  of  silver,  &c.,  states  that  he  purified  his 
platinum  vessels  from  iron,  by  causing  them  to  come  in 
contact,  at  a  red  heat,  with  the  vapour  of  chloride  of 
ammonium.  The  process  had  to  be  repeated  as  often  as  any 
yellow  sublimate  was  formed.  This  process  is  less  effectual, 
or  less  conveniently  and  speedily  effectual,  than  the  modifica- 
tion of  it  that  I  have  to  propose ;  because,  if  the  vapour  of 
the  sal  ammoniac  is  generated  from  the  solid  salt  in  the  vessel 
to  be  purified,  the  heat  absorbed  in  the  vaporization  of  the 
salt  tends  to  keep  the  vessel  at  a  temperature  below  that  at 
which  volatile  metal  chlorides  are  most  readily  formed. 
Instead  of  chloride  of  ammonium,  I  put  dry  double  chloride 
of  ammonium  and  magnesium  in  the  platinum  vessel  intended 
for  purification.  The  vessel  is  then  heated  to  about  the 
fusing  point  of  cast  iron  for  about  an  hour.  I  find  a  Gore's 
furnace  convenient  for  this  purpose.  In  this  process,  not 
PBOOSSDiKGfl— Lit.  k  Phil.  Socibty.— Vol.  V.— No.  12— Sbssioit  1866-6. 
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only  is  chloride  of  aromonium  vapour  given  off  for  a  long 
while  with  the  double  salt,  at  a  temperature  much  above  that 
at  which  chloride  of  ammonium  alone  volatilizes,  but  when 
that  salt  is  completely  expelled,  the  chloride  of  magnesium 
remaining  is  perpetually  being  decomposed  with  evolution  of 
free  chlorine,  and,  frequently,  the  formation  of  a  crystalline 
crust  of  periclase  lining  the  crucible.  Platinum  thus  purified 
is  softer  and  whiter  than  ordinary  commercial  platinum. 
The  method  is  not  available  solely  for  the  removal  of  iron, 
but  retrieves  crucibles  that  have  become  dark  coloured  and 
brittle  from  exposure  to  gas  flame,  as  well  as  crucibles  that 
have  been  attacked  by  silicates  during  frision  of  these  with 
carbonate  of  sodium,  I  cannot  conclude  this  note  without 
remarking  on  the  extreme  facility  with  which  platinum 
becomes  impure  by  heating  in  contact  with  matters  containing 
only  a  very  small  proportion  of  substance  capable  of  attacking 
the  metal.  Thus,  a  platinum  crucible  becomes  sensibly 
impure  after  prolonged  ignition  at  a  high  temperature,  bedded 
in  commercial  magnesia.  On  the  other  hand,  I  have  kept  a 
platinum  crucible  at  a  constant  weight,  to  the  tenth  of  a 
milligramme,  over  a  series  of  intense  ignitions,  when  the 
precaution  has  been  taken  to  bed  it  in  chemically  pure 
mi^esia. 

A  conversation  took  place  on  the  cattle  plague,  in  the 
oourse  of  wliich  the  Prbsidbnt  and  Mr.  Spbmcb  stated  that 
the  use  of  carbolic  acid  as  a  disinfectant  had  been  quite 
successful  as  a  preventive  in  the  limited  number  of  cases 
tried,  none  of  the  cattle  on  the  farms  where  it  had  been 
r^ularly  and  properly  used  having  yet  been  attacked  by  the 
rinderpest.     People  rarely  used  enough. 

An  opinion  was  strongly  expressed  by  some  members  that 
the  means  which  had  been  adopted  to  arrest  the  progress  of 
the  disease  had,  in  fact,  served  to  propagate  it  and  extend  its 
ravages,  as  numerous  instances  could  be  cited  in  which  the 
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infection  bad  been  carried  by  the  official  inspectors  from 
nnfaealthy  to  healthy  districts,  and  it  was  suggested  that  the 
itisp^tors  ought  to  be  compelled  to  clelins^  themselves  and 
undergo  a  disinfecting  process  before  they  were  allowed  Co 
visit  and  inspect  cattle  not  known  for  certain  to  be  diseased. 
It  was  characterised  as  a  most  unwise  proceeding  to  send 
forth  an  army  of  inspectors  to  invade  every  farmstead  in 
the  kingdom,  and  not  to  adopt  and  enforce  stringent  regu- 
lations to  prevent  the  possibility  of  these  men  being  the 
meafts  of  carrying  the  dreaded  infection  into  healthy  localities. 
It  was  remarked  that  official  interference  had  virtually  taken 
the  management  of  the  cattle  plague  out  of  the  hands  of 
thoie  who,  from  their  practical  experience  and  the  deep  interest 
they  had  in  the  matter,  might  be  held  best  qualified  to  deal 
with  it,  ai^d  there  were  grounds  for  thinking  that  if  the  farmers 
had  been  left  to  act  for  themselves  without  official  interference, 
as  they  did  some  years  ago  when  pleuro-pneumonia  carried 
off  large  numbers  of  cattle,  the  rinderpest  might  never^  have 
assumed  its  present  formidable  aspect. 

A  paper  was  read  "  On  the  Liassic  and  Oolitic  Iron  Ores 
of  Yorkshire  and  the  East  Midland  Counties,"  by  Messrs* 
Edward  Hull,  F.G.S.,  and  William  Bbogrbank. 

In  this  paper  the  authors  gave  the  results  of  their  observa- 
tions on  the  nature,  geological  position,  and  qualities  of  the 
iron  ores  which  are  now  being  worked  at  intervals  froiki  the 
banks  of  the  Tees  to  that  of  the  Evenlode  in  Oxfordshire, 
extemKng  through  the  counties  of  York,  Lincoln,  Rutland, 
Leicester,  Northampton,  Warwick,  Oxford,  &c. ;  at  the  same 
time  embodying  the  opinions  of  previous  observers. 

Remarking  that  just  at  the  time  when  some  of  the  older 
iron*producing  districts  were  giving  evidence  of  approaching 
e!xhatistion,  the  enormous  stores  of  iron  ore  in  the  newer  form- 
ations were  discovered ;  the  authors  commenced  by  a  descrip- 
titm  of  the  geological  position  of  the  strata  from  which  the 
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ores  are  extracted,  referring  them  to  the  middle  lias  or  marl- 
stone  and  the  base  of  the  great  oolite ;  and  it  was  shown  that 
the  ores  of  Cleveland  in  Yorkshire,  Lincolnshire,  and  Oxford- 
shire, are  derived  principally  from  the  lias,  while  those  of 
Northamptonshire  are  extracted  from  the  basement  beds  of 
the  great  oolite,  called  by  the  government  geological  soi^ 
veyors  "  the  Northampton  sands." 

The  first  district  described  was  that  of  the  East  Riding  of 
Yorkshire  and  the  Cleveland  hills,  which,  within  the  space  of 
about  sixteen  years,  has  given  birth  to  the  iron  trade  of  the 
Tees-side,  of  which  Middlesborough  may  be  considered  the 
centre.  The  ore  is  here  quarried  in  open  and  tunnel-works, 
and  brought  down  by  rail  from  the  hills  to  the  furnaces,  which 
are  erected  along  both  sides  of  the  river,  and  which  are 
supplied  with  fuel  from  the  Durham  coal-field.  The 
production  of  this  district  in  1865  was  stated  to  be  nearly  one 
million  of  tons  of  pig-iron  annually,  drawn  from  105  fur- 
naces in  blast.  The  ores  in  the  valley  of  the  Esk,  near 
Whitby,  and  those  of  Ouisborough  were  then  described,  and 
particulaily  the  Rosedale  ore,  which  is  the  richest  in  the 
district,  and  is  magnetic.  A  branch  railway  is  opened  to  the 
quarries,  which  in  1864  yielded  nearly  300,000  tons  of  ore, 
having  a  per  centage  of  36*94  to  49*17  of  metallic  iron.  The 
iron-stone  was  then  traced  to  the  banks  of  the  Humber, 
near  Hull,  by  Stokesley,  Swainby,  Northallerton,  Easing- 
wold,  and  Market  Weighton. 

The  ores  of  North  Lincolnshire  were  stated  to  be  spread 
over  a  wide  expanse  of  country — an  area  of  not  less  than  100 
square  miles — having  been  proved  to  be  quite  close  to  the 
surface,  and  their  local  and  geographical  position  in  reference 
to  the  sea-ports  on  the  one  hand,  and  the  South  Yorkshire 
coal-field,  together  with  the  excellent  quality  of  the  iron  they 
produced,  satisfied  the  authors  that  this  district  was  destined 
to  rise  in  importance  as  a  centre  of  iron  manufacture.  The 
pig-iron  from  North   Lincolnshire  is  highly  tenacious  and 
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fusible,  and  commands  a  higher  price  in  the  market  than 
the  Cleveland  brands.  This  superiority  appears  to  arise 
from  the  spathic  nature  of  the  iron-stone,  and  from  the 
presence  of  manganese  in  considerable  quantities  inter- 
stratified  with  the  ores,  and  which  is  mixed  in.  the  furnaces. 
The  ore,  with  its  accompanying  strata,  is  very  finely  shown 
along  the  line  of  railway  at  Frodingham ;  its  thickness  in 
different  parts  of  the  district  varies  from  twelve  to  thirty 
feet.  It  is  being  smelted  at  three  works  in  North  Lincoln- 
shire, and  it  is  also  carried  largely  by  rail  to  the  Park  Gate 
Iron  Company's  furnaces  near  Rotberham,  and  other  works 
in  the  Yorkshire  and  Derbyshire  coal-fields. 

From  North  Lincolnshire  the  ironstone  may  be  traced 
southwards  along  an  indented  line  running  parallel  to  the 
western  margin  of  the  great  oolite  into  Northamptonshire. 
At  the  base  of  the  oolite  a  series  of  yellowish  sands  occur — 
and,  in  these  there  are  at  intervals,  beds  of  iron  ore — sometimes 
extending  for  miles  with  considerable  regularity,  at  other 
times  thinning  away  rapidly.  From  these  beds,  the  North- 
amptonshire iron  is  smelted.  The  furnaces  and  quarries  are 
situated  at  Gayton  and  Blisworth,  Blakesley,  Maidford,  and 
Litchborough,  at  which  place  they  are  more  than  usually 
ferruginous.  At  Duston,  where  it  is  extensively  worked  and 
smelted,  it  is  more  consolidated  and  is  coarsely  oolitic.  The 
metal  produced  is  similar. to  that  of  the  Cleveland  district  in 
quality.  Large  quantities  of  this  ironstone  are  sent  by  rail 
and  canal  into  South  Staffordshire,  and  even  South  Wales, 
where  it  is  valued  for  mixing  with  the  argillaceous  carbonates 
of  the  coal  measures. 

The  Oxfordshire  district  is  as  yet  almost  unopened,  but 
promises  one  day  to  be  productive  of  iron  on  a  large  scale, 
similar  in  character  to  the  Lincolnshire  brand.  In  the  neigh- 
bourhood of  Banbury  and  Chipping  Norton,  the  ore  occupies 
considerable  areas — sometimes  in  the  form  of  tabulated  hills, 
intersected  by  valleys  of  no  great  depth.    It  occurs  here  (as 


alraidy  (itt««d)  la  the  tilMdte  Iks,  predsiely  the  totlle  forfeha- 
tiott  as  that  to  which  the  ores  df  Cleveiand  and  Lihcobshire 
belong.  The  ironstone,  however,  is  generally  thote  calcareous 
than  in  the  fbrtner  district,  and  its  richest  portions  are  Hmited 
to  a*  tract,  of  which  the  village  of  Blo^ham  may  be  considered 
the  centre:  As  yet  the  oiie  has  only  been  worked  at  Fawler, 
flfear  Charlbury,  iind  ae  Steeple  Astott,  to  d  very  limheid 
extent ;  bnt  the  railways,  now  in  cotnrse  of  constfuctioh,  ^iH 
probably  have  the  effect  of  bringing  it  within  easier  i^ach  of 
the  Coalfields  of  Sdtrth  Wales  and  Staffbrdsfaifcie. 

The  authors  remark,  in  co'tfclusion^  that  ^vt&ry  day's 
ejcperience  enlarges  ouir  acquaintance  with  the  great  mitiertti 
resources  of  our  country,  and  that^  in  the  case  of  cbftl  and 
iron,  it  beibomes  a  question  ^hich  is  more  l^gely  diMiribut^d 
mi  Ukely  to  outlast  the  other. 


MIOROSOOPIOiLL  AND  NATUEAL  HISTORY  SBOTIONS. 

February  26th,  1866. 
Ai  Br<^trbbs,  FiR.A.S;,  in  die  Caiair. 

Th6  fbllowing  obj^ct^  were  e-xMMted  :— 

Motintftd  spedmens  of  twenty-fbur  species  6f  Ostrtteoda, 
from  Dog's  bay  shore-sand,  collected  by  Dr.  Al«o^k,  aMi 
named  by  Bfi  G;  S.  Brady. 

Mounted  specimens  of  many  fdvms  of  Foramitfifera,  from 
a*  deposit  discovered  wbil^  sinking  a  wetl  at  B^ton, 
Lincolnshfee Mr.  Sidebotham. 

The  sfcuH  and  skin  of  a  male  Otter  shot  in  Rostheme 
Mere^  F^.  16 — Mt ;  HarrisotK 
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Dr.  Alcock  read  a  paper  on  Foraminifera  from  mud  washed 
out  from  a  shell  of  Halia  Priarous  in  Mr.  Darbishire's 
collection.  He  said  that  part  of  the  interest  of  these 
specimens  depended  on  the  information  they  may  give  as  to 
the  nature  of  the  sea-bed  where  this  rare  mollusk  is  found, 
the  exact  locality  from  which  it  is  obtained  by  the  Cadiz 
fishermen  being  still  doubtful.  He  exhibited  mounted 
specimens  of  about  forty  fearms  of  ForamiaiGeta^  twenty-five  of 
them  agreeing  with  British  ones  as  described  by  Professor 
Williamson,  the  others,  so  far  as  he  knew,  not  British,  and 
at  present  unknown  to  him.  He  said  that  the  great  abundance 
of  Globigerina  with  fragments  of  large  Orbulinae,  appeared 
to  indicate  a  deep-sea  deposit,  but  the  most  remarkable  feature 
was  the  extraordinary  profusion  of  Textularia  variabilis,  a 
very  considerable  proportion  of  the  whole  mass  consisting  of 
these  shells.  Bulimina  pupoides  was  perhaps  next  in 
abundance,  and  next  to  it,  ia  about  equal  proportions, 
Cassidulina  laevigata,  C.  obtusa,  and  Nonionina  elegans. 
Rotalina  Beccarii  was  plentiful  but  small,  as  were  all  the 
forms  of  Rotalina  which  occurred  Lagense  were  scarce  and 
were  very  small  hyaline  varieties.  Nodosaria  radicula  was 
rather  common,  and  three  very  distinct  varieties  of  it  were  met 
with,  one  of  them  remarkabk  for  its  large  size  and  the  raised 
rings  upon  its  neck.  Polymorphina  was  entirely  absent ;  and 
Polystoi^eUa*  Spirolo<»lijsa,  and  MiBoIina  were  represeijited 
l;^y  only  a  very  fc^w  extremely  small  iodividuals. 
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PHYSICAL    AND     MATHEMATICAL     SECTION. 

Annual  Meeting,  March  Ist,  1866. 

E.  W.  BiNNBT,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

The  following  gentlemen  were  elected  officers  of  the  Section 
for  the  ensuing  year : — 

B.  W.  BINNEY,  F.R.S.,  F.O.8. 

EOBEET  WOETHINaXON,  P.E.A.S. 
JOSEPH  BAXENDELL,  P.K^J3. 

^reasurtr. 
Ma.  THOMAS  CAEEIOK. 

Secrttarp. 
G.  V.  VERNON,  F.R.A.S,  M.B.M.S. 


A  paper  was  read  **  On  the  Variable  Star  R  Vulpeculse, 
a  =  20*^  58°*  22-9«.  8  =  +  23^  17-2'.  Ep.  1865-0."  By 
Gborgb  Knott,  F.R.A.S.,  communicated  by  Joseph  Bax- 
BNDBLL,  F.R.A.S. 

This  star,  which  is  No.  457,  hour  xx,  in  the  Palermo 
catalogue,  was  first  recognised  as  variable,  so  far  as  1  am 
aware,  at  the  observatory  of  Bonn.  It  appears  to  have  been 
observed  with  some  care  by  Dr.  Winnecke  at  the  Pulkowa 
observatory,  and  in  a  letter  to  the  Rev.  R.  Main,  printed  in 
vol.  xxii.  of  the  Monthly  Notices  of  the  Royal  Astronomical 
Society,  p.  285,  that  able  astronomer  assigns  the  following 
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elements,  *^  which  represent  seven  mazina  observed  in  the 
course  of  three  years,  with  reference  to  Piazzi's  estimations  of 
magnitude  in  \ugust,  1803,"  viz.  — 

Period- 138-6  days. 
Epoch  =  1860,  Nov.  6. 

Having  observed  this  star  with  more  or  less  r^ularity 
during  the  past  four  years,  it  occurred  to  me  that  it  would  not 
be  uninteresting  to  compare  the  elements  resulting  from  a 
discussion  of  my  own  observations  with  those  which  had  been 
deduced  by  Dr.  Winnecke.  The  results  of  this  discussion  I 
have  now  the  honour  of  presenting  to  the  Manchester  Literary 
and  Philosophical  Society. 

Projecting  my  observations  in  the  usual  way,  I  obtain  the 
following  dates  of  maxima  and  minima,  with  the  correspond- 
ing magnitudes  — 

Maxima,  Minima, 

1861.  Dec.  300— 8-4  mag.  1861.  Oct   26-3— 13-6  mag. 

1862.  Oct.  6-0— 7-8  „  1863.  Sep.  18-0— 13-2  „ 
♦1863.  Nov.  19-4— 7-6  „  1864.  June  19-6— 13-2  „ 

1864.  Aug.  16-3— 7-5  „  Nov.  4-0— 13-1  „ 

1865.  Jan.  7-3— 7-7  „  1865.  Aug.  6-3— 128  „ 
May  25-5— 7-8  „  Dec.  14-3— 137  „ 
Oct     5-5— 7-5  „ 

Treating  the  seven  observed  maxima  according  to  Mr. 
Baxendell*s  method,  we  obtain  the  following  elements :  — 

Periods  137-59  days. 
Epoch=  1864,  April  4-95. 

Comparing  the  observed  times  of  maximum  with  those 
calculated  from  these  elements,  and  also  from  those  of  Dr. 
Winnecke,  we  obtain  the  following  differences  between  calcu- 
lation and  observation :  — 

*  The  projection  of  a  eeries  of  his  own  obserrations  of  this  msximuxn 
obligingly  commnnicated  to  me  by  Mr.  Baxendell,  jielcb  the  following  results, 
in  gratifying  accordance  with  my  own : — Date  of  maTJmnm,  1868,  Nov.  18*9, 
mag.  7'6. 
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Knott's  Elbmbntb. 

WiNNBOKifs  Elbmbntb. 

CaJc— Obs. 

Calc.— Obi. 

Days. 

Days. 

4.  1-41 

-3-2 

-2-41 

-5-0 

-0-01 

+  0-4 

+  4-24 

+  71 

-2-23 

+  1-3 

-2-78 

+  1-7 

+  1-81 

+  7-3 

the  sums  of  the  squares  of  these  numbers  being  43*75  and 
143*78  respectively.  But  while  it  thus  appears  that  my  own 
observations  accord  moderately  well  with  Dr.  Winnecke's 
elements,  it  must  be  confessed  that  these  latter  represent  more 
satisfactorily  than  my  own  (as  indeed  might  be  expected)  the 
magnitude  estimates  of  Piazzi  in  the  years  1807  and  1810,  as 
given  by  Dr.  Winnecke  in  No.  1224  of  the  Astronomische 
Nachrichten.  At  the  same  time  it  must  be  remembered  that 
my  own  elements  were  deduced  solely  from  my  own  observa- 
tions, without  reference  to  any  of  earlier  date. 

Treating  the  six  observed  minima  in  the  same  manner,  we 
obtain  the  following  elements,  the  period  presenting  a  striking 
accordance  with  that  deduced  from  the  observed  maxima:  — 

Period=  137-55  days. 

Epoch  =  1864,  June  17-50. 

The  diflferences  between  the  calculated  and  observed  times  of 
minima  being :  — 

Oalc—Obe. 

Days. 

+  2-36 

-1-60 

-2-00 

-1-95 

-215 

+  5-40 
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An  examination  of  the  mean  light-curve  (a  copy  of  which 
accompanies  this  communication)  which  was  laid  down  from 
the  co-ordinates  resulting  from  a  discussion  of  all  the  observa- 
tions I  have  obtained,  yields  the  following  results :  ^ 

Mean  magnitude  at  maximum 7*77 

Mean  magnitude  at  minimum 13*14 

Mean  range  of  variation  5*37  magnitudes. 

Mean  magnitude  10*32 

Interval  from  minimnm  to  TnftTiTnnm 66*0  dajs* 

Interval  from  maximum  to  minimum 71*6  days. 

Interval  from  min.  to  mean  mag 25*8  days. 

Interval  from  mean  mag.  to  max 40*2  days. 

Internal  frx>m  max.  to  mean  mag.    37*3  days. 

Interval  from  mean  mag.  to  miu 34*3  days. 

Interval  from  mean  mag.  before  to  mean 

mag.  after  maximum    77*5  days. 

Interval  from  mean  mag.  before  to  mean 

mag.  after  minimmn 59*1  days. 

An  examination  of  the  various  results  of  observation  and 
calculation  given  in  the  former  part  of  this  paper  suggests  the 
following  general  remarks.  Like  many  other  variable  stars 
R  Vulpeculss  increases  more  rapidly  than  it  decreases.  The 
intervals  between  successive  maxima  and  minima  are  subject 
to  some  little  irregularity.  And  the  observed  magnitudes  at 
maximum  and  minimum  vary  to  the  extent  of  some  nine 
tenths  of  a  magnitude.  Still,  as  compared  with  some  other 
stars,  the  movements  of  this  variable  must  be  regarded  as 
tolerably  regular.  Although  by  no  means  so  highly  coloured 
as  some  variables,  I  have  frequently  noted  the  star  in  my 
observation  book  as  "ruddy,"  or  ** decidedly  ruddy."  The 
maxima  observable  during  the  present  year  will  fall,  according 
to  my  own  elements,  on. the  following  days:  — July  17*0  and 
December  2*6.  The  observable  minima  will  occur  on  May 
6*3  and  September  20*8. 
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The  stare  which  I  hav«  used  for  oomparisoii  with  R  Vnlpe- 
eolse  are  shown  in  the  small  chart  which  accompanies  ttus 
paper,  and  their  magnitudes  are  as  follow,  the  numbere  in  the 
cases  of  a,  i,  o,  d,  g^  Ij  m^  n  being  the  means  between  my 
own  values  and  those  assigned  by  Mr.  Baxendell :  — 
a  =  7-1  57  =  10-0 


6  =  7-3± 

A  =10-5 

c  =  8-3 

it  =  10-9 

d=9-l 

Z=ll-4 

e  =  9-5 

j»-119 

/=9-7 

n  =  12-6 

20hr8. 

211ir8. 

I 

>6m. 

58m. 

On 

1. 

+22«»  16 

• 

. 

+'ia^  46' 

23°    U 

• 

- 

-3       0' 

15 
30 

- 

16' 
80' 

- 

* 

+280  45 

4-23°  4& 

{ 

S6m. 

68m. 

On 

1, 

SOhrs. 

211in. 

The  star  b  is  variable  to  the  extent  of  some  few  tenths  of  a 
magnitude,  and  may  therefore  with  advantage  be  rejected  as 
a  comparison  star ;  ^  is  a  double  star,  the  magnitude  assigned 
above  being  that  of  the  two  components  seen  as  one  star. 

I  cannot  dose  this  communication  without  gratefully 
acknowledging  the  courtesy  and  kindness  of  Mr.  Baxendell  in 
fineely  eommunieating  to  me  his  own  methods,  and  in  affording 
me  all  necessary  explanations  in  eases  of  doubt  or  difficulty. 
It  is  to  be  hoped  that  the  time  is  not  far  distant  when  the 
best  methods  of  procedure  in  this  branch  of  the  science  will 
find  a  place  in  our  textbooks  of  practical  astronomy. 
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As  demed  £r(«a  the  OhiemAlon^  at  tlie  Woodoroit  Ob8«ryatovy  in  the 
years  1861—1865. 


A  paper  was  also  read,  **  On  the  Fall  of  Rain  during  the 
Different  Hours  of  the  Day,  as  deduced  from  a  Series  of 
Observations  made  by  the  Rev.  J.  C*  Batbs,  M.  A«,  F.R.  A.S., 
at  St.  Martin's  Parsonage,  Castleton  Moor,"  by  Joseph 
Baxbndbll,  F.R.A.S. 

In  the  spring  of  last  year,  the  Rev.  J.  C.  Bates,  M.A., 
F.R.A.S.,  of  Castleton  Moor,  contrived  a  rain-gauge  by 
which  he  is  enabled  to  determine  the  amount  of  rain  which 
fidls  during  every  quarter  of  an  hour  of  the  entire  day.  Ob- 
servations with  this  instrument  were  commenced  on  the  24th 
of  May  last,  but  were  interrupted  for  two  days  in  October, 
owing  to  damage  done  by  the  violent  gale  of  the  25th  of  that 
month,  and  again  in  December,  while  the  driving  clock  was 
under  repair.  All  the  observatbns  made  up  to  the  end  of  January 
have  been  kindly  forwarded  to  me  by  Mr.  Bates  for  examina- 
tion and  discussion,  and  although  the  series  extends  over  a 
period  ot  only  a  little  more  than  eight  months,  and  caution  is, 
therefore,  required  in  basing  general  conclusions  upon  it, 
yet  the  resulta  I  have  obtained  appear  to  me  to  be  sufficiently 
remarkable  and  interesting  to  be  worthy  of  being  brought  at 
once  under  the  notice  of  meteorologbts,  in  order  that  the  law 
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of  daily  variation  of  rainfdl  which  they  indicate  may  be  tested 
by  the  results  of  similar  series  of  observations  made  in  other 
localities. 

The  number  of  days  in  each  month  on  which  the  rainfieJl 
was  registered  by  the  new  instrument  was — May,  5 ;  June, 
4;  July,  19;  August,  20;  September,  3;  October,  14; 
November,  9;  December,  5;  January,  21 :  total,  100  days. 
The  total  amount  of  rain  regbtered  during  the  100  days  was 
21*854  inches. 

Arranging  the  amounts  of  rain&ll  in  24  groups  correspond- 
ing to  the  24  hours  of  the  day,  and,  taking  the  sums  of  the 
amounts  in  each  group,  we  have  the  following  results : — 


Hour. 
1      .. 

Number  of  Times 
Bain  fell  dnring  the  Hour. 
21      

Total  Amount  of  Bain. 

Inches. 
0-536 

2     .. 

27      

0-619 

3     .. 

28     

0-774 

4     . 

29     

1124 

6     .. 

26     

1042 

6     .. 

33     

0-650 

7     . 

35     

0-728 

8     .. 

33     

1-263 

9     ., 

, 32     

1132 

10     .. 

34     

0-909 

11 

38     

0-854 

12     . 

41     

0-879 

13     .. 

34     

0-734 

14     ., 

37     

0-921 

15     .. 

35     

0-907 

16     .. 

35     

1-068 

17     ., 

30     

0-884 

18     ., 

34     

0-964 

19     .. 

32     

1162 

20     .. 

36     

1-033 

21     .. 

32     

1-350 

22     ., 

23     

0-658 

23     . 

25     

0-828 

24     ., 

24     

0-835 

21-864 
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Dividing  the  24  hours  into  day  and  night  periods  of  12 
hours  each,  we  have — 

Inches.         Frequenoj. 
Total  rainfall  from  6h.  a.m.  to  6h.  p.m.  =    10-925     ...     337 
„  „  6h.  p.m.  to  6h.  a.m.  =    10-929     ...     417 

It  appears,  therefore,  that  the  average  fiedl  of  rain  during 
the  night  was  sensibly  the  same  as  that  during  the  day  ;  but 
the  frequency  of  rain  was  much  greater  during  the  night  than 
the  day. 

Dividing  the  day  into  four  periods  of  6  hours  each,  we 
have — 

Inches.  Frequency. 

Noon  to  6h.  p.m.    4-930  155 

6h.  p.m.  to  midnight 6-536  205 

Midnight  to  6h.  a.m. 5-393  212 

6h.  a.m.  to  noon 5-995  182 

These  results  show  that  the  greatest  amount  of  rain  fell  in 
the  fourth  quarter  of  the  day,  reckoning  from  noon ;  and  the 
least  in  the  first  quarter  >  and  that  the  amount  which  fell  in 
the  second  quarter  was  slightly  in  excess  of  that  which  fell  in 
the  third.  The  frequency  of  rain  was  least  in  the  first  quarter 
and  greatest  in  the  third. 

The  six  consecutive  hours  in  which  the  largest  quantity  of 
rain  fell  were  from  4h.  a.m.  to  lOh.  a.m.,  the  amount  being 
6*461  inches,  and  the  amounts  in  the  three  following  six- 
hourly  periods  were : — 

lOh.  a.m.  to  41l  p.m.   4-250  inches. 

41l  p.m.  to  lOh.  p.nL  5-939      „ 

lOh.  p.m.  to  4h.  a.m.  5-204      „ 

If  now,  the  numbers  in  the  last  column  of  the  above  table 
are  arranged  in  eight  groups,  and  the  sums  of  the  numbers  in 
each  group  taken,  we  have  the  following  remarkable  results : — 
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MaI  Amount  <»£ 

Hoon.  Rainfall.                      Froquencj. 

1,    2,    3,     1-929  76 

4,    5,     6,     2-816  88 

7,     8,    9,     3-128  100 

10,  11,  12,     2-642  113 

13,  14,  15,     2-562  106 

16,  17,  18,     2-916  99 

19,  20,  21,     3-545  100 

22,  23,  24,     2-321  72 

Projecting  these  numbers  on  ruled  paper,  and  drawing  a 
curved  line  through  the  points  thus  laid  down,  we  obtain  a 
well-marked  curve,  having  two  maxima  and  two  minima, 
which  OQSur  at  the  following  hours : — 

Principal  maximum  at  8^L  a^m. 

Secondary       „        „    ..,,. «.  8h.    p.m. 

Principal  minimum  „    2h.       „ 

Secondary       „        „    l^h.  a.m 

This  curve  has  no  similarity  to  that  of  daily  temperature, 
but  has  a  strong  resemblance  to  the  curve  of  diurnal  variation 
cf  the  barometer,  with  a  difference  of  about  two  hours  in  the 
times  of  occurrence  of  the  maxima  and  minima.  The  regular 
diurnal'  variations  of  the  barometer  in  this  latitude  are,  how- 
ever, so  small  that  it  is  hardly  conceivable  they  can  produce 
the  great  differences  in  the  amounts  of  Tdin  falling  at  different 
periods  of  the  day  as  indicated  by  Mr.  Bates's  observations.  The 
curve  of  daily  variation  of  the  intensity  of  atmospheric  electricity 
las  also  strong  points  of  resemblance  to  the  rain-curve,  but  its 
night  miiHDUun  is  the  principal  one,  and  most  meteorologists 
will  probably  regard  variations  of  intensity  of  atmospheric 
electricity  as  consequences  rather  than  causes  of  the  ci^ges 
in  the  amount  of  condensed  vapour  precipitated  in  the  form 
of  rain.  No  other  meteorological  phenomenon  is  at  present 
known  having  diurnal  variations  similar  to  those  of  the  rain- 
faW ;  but  if  we  turn  to  the  phenomena  of  terrestrial  magnedsm. 
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we  shall  find  that  the  curve  representing  the  daily  variations 
of  declination  of  the  magnetic  needle  has  well  marked  points 
of  similarity  to  that  of  the  daily  riinMl.  Taking  fo)r  data 
thfe  mean  results  of  ten  years'  observatims  of  mifl^n^tic 
declination  made  at  the  Royal  Obsertatoty,  Oreeti#idh) 
(Qreenwich  Observations  for  1859^^  we  have  the  foltotHn)g 
comparison  of  the  tines  of  madtna  and  minima  of  tfie  two 
phenomena,  the  westerly  deviations  of  the  magnetic  needle 
from  the  mean  position,  being  taken  with  a  negative  sign. 

Daily  BainfMl.  Daily  Oscillations  of 

Magnetic  Needle. 

Principal  maximum  at  8^L  a.nL     lOh.  a.m. 

Secondary        „  „  8h.    p.m.     T^h.  p.m. 

Principal  minimum   ,,  21l       „       Ih.       „ 

Secondary       ,,  „  l^h.  a.m.     3h.    a^m. 

Owing  to  the  shortness  of  the  period  over  which  Mn 
Bates'  observations  extend,  it  is  probable  that  the  results 
derived  firom  them  may  be  opeii  ^o  considerable  correction^ 
when  a  more  extended  series  becomes  available,  t  find, 
however,  that  wb^n  this  short  series  is  divided  into  ttvO  or 
even  three  gproupd,  the  main  features  of  the  daily  variation 
are  still  preserved  in  the  results  of  each  group,  and  I  do  no^ 
therefor^,  antidpate  that  any  corrections  whicli  may  hereafter 
be  found  to  be  necessary,  will  be  of  such  a  character  as  to 
afiect  materially  the  probability  of  a  close  connection  between 
the  daily  variations  of  rainfall,  and  the  diurnal  oscillations  of 
the  magnetic  needle,  and  I  hope  to  be  able  in  a  future 
communication  to  bring  forward  other  facts  and  results 
bearing  upon  this  interesting  and  important  question. 

Whatever  views  may  be  taken  as  to  the  cause  of  the  unequal 
distribution  of  the  rainfall  in  the  different  hours  of  the  day,  it 
could,  at  all  events,  hardly  have  been  expected  that  the 
greatest  amount  of  rain  would  fall  at  that  period  of  the  day 
when  the  rate  of  incream  of  the  difference  betW^n  the  tem- 
p4nrtQi«oflhadef^poitt«attdtiiM<rf^th«ai)f)isgi«atttl;  tinA 


134 

wheo,  therefore,  according  to  generally  received  meteorological 
principles,  there  would  appear  to  be  little  probability  of  a  con- 
densation of  vapour  into  the  form  of  rain. 

I  cannot  conclude  this  communication  without  gratefully 
acknowledging  the  kindness  of  Mr.  Bates,  in  affording  me  an 
opportunity  of  examining  his  valuable  observations  which 
form,  I  believe,  the  only  series  of  the  kind  ever  yet  made. 


PHOTOdEAPHICAL     SECTION. 
February  8th,  1866. 

Dr.  J.  P.  JouLB,  F.R.S.,   Vice-President  of  the  Section, 
in  the  Chair. 

Mr.  SiDBBOTHAM  brought  before  the  section  a  number  of 
pictures,  by  Boulton  and  Watt,  which  had  been  supposed  to 
be  photographs.  The  examination  he  had  made  of  them 
convinced  him  that  they  had  been  produced  by  a  different 
process. 

Mr.  Dancbr  coincided  in  this  opinion.  He  thought  that 
the  camera  had  been  employed,  but  solely  for  the  purpose  of 
enabling  the  artist  to  trace  the  outline,  and  to  enlarge  or 
reduce  the  image  to  any  required  scale.  The  shading  would 
be  au  after  process,  the  crayon  employed  being  made  of  some 
resinous  or  fatty  substance  mixed  with  the  colour. 

March  8th,  1866. 

Dr.  J.  P.  JouLB,    F.R.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

Mr.  Brothbrs,  F.R.A.S.,  stated  that  since  the  last  meeting 
he  had  tried  the  use  of  wax  dissolved  in  ether,  as  recommended 
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by  Mr.  Rogerson,  for  the  purpose  of  cleaning  glass  plates, 
and  was  quite  satisfied  it  was  an  excellent  method  of  cleaning 
glass. 

A  paper  was  read  <^0n  the  Pantascopio  Camera,"  by 
J.  R.  Johnson,  ISsq.  Communicated  by  E.  C.  Buxton, 
Esq. 

But  a  few  years  had  elapsed  since  the  introduction  of  the 
Daguerreotype,  and  photography  had  not  yet  passed  beyond 
what  may  be  termed  "  The  Daguerreotypic  Era,"  when  the 
unsatisfiEustory  nature  of  the  '^  bits"  of  landscape  produced  by 
the  lenses  then  in  use  became  fully  recog^zed.  What  could 
be  more  annoying  to  an  artist  desirous  of  producing  pictures 
of  some  of  the  splendid  architectural  monuments  of  Paris 
than  to  find  that  from  no  possible  point  of  view  could  the 
whole  of  many  of  the  finest  of  these  be  embraced  ? 

The  desirability  of  not  only  effecting  this,  but  of  repro- 
ducing as  pictures  some  of  those  striking  ^^  coups  (Tml** 
which  abound  on  the  banks  of  the  Seine,  struck  an  eminent 
artist-engraver,  Mr.  Martens,  so  forcibly  that  he  immediately 
set  about  finding  a  remedy,  and  he  was  not  long  before  he 
had  attained  his  object. 

He  found  that  if  a  lens  be  moved  horizontally  upon  a  pivot 
placed  beneath  its  optical  centre,  the  image  is  stationary 
notwithstanding  the  motion  of  the  lens« 

Now  as  all  subsequent  rotating  cameras  are  based  upon 
this  principle  it  is  desirable  that  w^  should  clearly  understand 
it,  and  the  instrument  I  am  about  to  describe,  and  which  is 
intended  to  be  used  for  viewing  panoramically  views  produced 
by  a  rotating  camera,  will  enable  us  to  do  so. 

Fig.  1. 
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In  fif.  I  we  hMV^  a  leas  mouoted  in  a  aodk^  sc^  as  lo  turn 
boriaontally,  and  behind  it  we  have  a  piece  of  cardbeavd 
bent  to  form  part  of  a  cylinder,  of  which  the  focal  length  of 
the  lena  is  the  mdius. 

Now,  if  in  front  of  this  we  plaee  a  taper,  an  inuige  of  the 
taper  is  formed  upon  the  cardboard  screen.  We  may  turn 
the  lens  baokwards  and  forwards  through  a  short  are,  and  yet 
you  will  see  the  image  remans  stationary.  If  we  move  the 
taper  sideways  keeping  it  at  the  same  distance  from  the  lens 
and  turn  the  lens  towards  it,  an  image  is  produeed  on  a 
diSisrent  part  of  the  screen.  If  a  sufficient  number  of  eandles 
bad  boeu  placed  before  the  instrument  and  we  bad  limited  the 
aatbn  of  the  lens  upon  the  screen  to  a  narrow  vertical  band 
of  %ht,  the  screen  wpukl  have  received  oonsecutively  the 
images  of  aU  the  candles  laid  side  by  side,  and  perfectly 
distinct  from  eaeh  other. 

Now  if  for  the  cardboard  we  substitute  a  bent  Daguerreotype 
plate,  and  if  for  the  ordinary  reading  glass  we  put  a  good 
photogfapkie  lens,  aqd  for  the  series  of  tapers  any  landscapes 
or  series  of  lighted  objects,  we  shall  have  an  exact  reproducticm 
of  Martens'  camera.  He  took  a  number  of  beautiftil  ^ws  of 
Pftiis,  from  the  bridges  of  the  Seine,  but  the  instrument 
fiedled  in  other  hands  than  his.  The  difficulty  of  poKshiog 
and  preparing  large  silver  plates  was  of  itself  a  serious 
obstacle,  and  a  still  greater  want  of  success  arose  from  the 
foot  that  Mr.  Martens  not  being  fomiliar  with  the  practice  of 
mechanics,  did  not  attempt,  or  foiled  to  produce  the  motion 
of  the  lens  by  self-aoting  means,  and  it  requires  the  greatest 
skill  and  care  to  maintain  a  uniform  motion  for  the  length  of 
time  necessary  for  due  expoauie  by  means  of  the  hand  alone. 

Even  in  the  hands  of  Mr.  Mayall,  so  successful  in  large 
Daguerreotype  plates,  and  so  careful  and  intelligent  an 
operator,  the  instrument  foiled  completely.  He  worked  for  a 
long  time  at  Niagara,  unsuccessfully,  before  obtaining  the 
few  views  he  brought  away  with  him. 
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After  the  Daguerreotype  give  place  to  albumen  and  col- 
lodion on  glass.  Martens'  camera  was  laid  aside,  but  in  1854 
he  and  a  nephew  made  an  effort  to  replace  the  bent  plate  at 
the  back  of  the  camera  by  a  flat  plate ;  and  he  contrived  an 
apparatus  for  giving  such  a  motion  to  the  plate  and  lens 
respectively,  that  he  succeeded  in  getting  pictures  upon  such 
a  pl«t€^  mw^  or  less  suooes^Uy, 

Xo  4how  what  these  motions,  are,  we  will  go  back  to  tW 
instrument  which  has  a^ved  to  iUustraj^  Majrtena^  firtt 
camera*  We  will  remove  the  b^t  cardboard,  and  making  it 
straight^  we  will  place  it  against  the  wouiar  edge  whi^h  pre* 
vioDsly  k^\i  it  beat. 

If  the  t^per  he  plaiced  directly  opposite  the  centre  of  the 
inqtr^ment,  the  flat  peper  must  he  at  right  angles  to  the  r«y 
of  light,  at  a  tangent  to  the  curve  qq  which  the  cireiUar 
plate  was  bent„  and  the  centre  of  the  plate  must  be  oyfiosite 
the  taper. 

Fig.  a,    ^ 
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If  the  light  be  shifted  to  b  fig.  3  the  lens,  must  be  turned, 
and  the  plate  must  alse  be  turned  so  that  it  U,  still  at  rigb^ 
angles  to  the  ray,  and  tangential  to  the  curve  as^  before^,  but 
the  image  must  be  received  away  bom  the  centre*  This  will 
bring  us  to  the  position  fig.  3  and  if  the  one  taper  be 
moved  in  the  opposite  diim^tioa  the  lens  and  plate  will  be  as 
shown  in  fig.  4. 

Fia,  3. 
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If  the  rotation  of  the  lens  and  the  change  of  position  of  the 
plate  be  made  with  due  regularity  perfect  definition  is  obtained, 
but  the  greatest  accuracy  is  necessary  to  obtain  this. 

To  return  to  the  history  of  this  instrument.  Mr.  Martens 
by  a  note  to  the  Academy  registered  the  fact  of  having  pro- 
duced views  in  this  manner,  and  his  instrument  was  laid  aside 
until  it  was  disinterred  for  the  first  time  we  believe  last  sum- 
mer. As  far  as  we  are  informed,  although  Mr.  Martens  has 
yearly  produced  splendid  views  of  Swiss  scenery  and  has 
regularly  published  them,  yet  no  product  of  the  machine  has 
been  shown  by  him  since  1854,  the  elaborately  engpraved 
panoramas  of  the  Swiss  alps  having  been  produced  by  laying 
views  taken  by  the  ordinary  camera  side  by  side,  and  copying 
them  juxtaposed. 

Various  other  gentlemen  subsequently  undertook  to  solve 
the  problem.  Among  others  may  be  mentioned  M.  Garella, 
an  engineer  officer  employed  in  Algeria ;  M f .  Sutton,  so  well 
known  for  his  high  attainments  and  inventive  talent;  Mr. 
Hosmer,  &c. 

The  plans  of  these  gentlemen  have  been  published.  Other 
plans  have  been  heard  of,  as  those  of  Mr.  Rawlinson,  of  Kes- 
wick ;  Mr.  Stuart,  an  Indian  officer — but  those  plans  have 
not  been  made  known. 

It  would  be  an  interesting  subject  to  examine  all  these 
projects  in  detail,  but  to  understand  them  would  require 
numerous  diagrams  and  perhaps  models. 

In  general  terms  it  may  be  stated  that  all  of  those  known, 
including  that  of  Martens,  possessed  two  features  which  render 
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them  quite  distinct  from  the  instrument  we  are  about   to 
describe,  and  which  will,  we  believe,  serve  to  account  for  the 
fact  of  these  projects  remaining  as  such,  or  never  at  least  pass- 
ing from  the  first  to  a  more  perfect  stage  of  development. 
These  features  are, 

1.  The  instrument  was  placed  upon  a  large  table  upon 
which  the  pivot  was  fixed  and  upon  which  the  plateholders 
rolled,  the  motion  of  the  supporting  rollers  describing  com- 
plicated curves  upon  the  table,  which  curves  Mr.  Sutton 
recognised  as  being  evolutes  of  the  circle  of  rotation. 

2.  No  direct  mechanical  means  were  employed  for  effecting 
the  relative  motion  of  the  plate  and  lens,  guide  curves  formed 
by  trial  or  less  efficient  means  being  alone  used. 

I  believe  I  may  state  without  fear  of  contradiction  that  up 
to  the  year  1862  no  views  produced  by  any  of  the  inventions 
alluded  to  had  been  publid}  shown,  nor  views  by  any  similar 
instrument  purporting  to  produce  pictures  on  true  panorionic 
projection  by  continuous  motion.  Several  tolerably  success- 
ful attempts  had  been  made  to  place  two  or  more  views  side 
by  side  upon  the  same  plate  by  means  of  a  shifting  back. 
But  these  compound  pictures  are  merely  views  in  plane  per- 
spective placed  side  by  side  upon  the  sides  of  a  polygonal 
prism,  and  have  no  pretensions  to  be  considered  views  in 
panoramic  or  any  other  correct  projection. 

It  was  not  until  the  year  1862  that  I  succeeded  in  taking 
panoramic  views  with  any  degree  of  success.  I  had  been 
employed  in  devising  plans  for  effecting  this  object  since  1860, 
aided  by  a  working  mechanic,  Mr.  Eburison. 

After  passing  over  the  same  ground  as  some  of  the  gentle- 
men above  referred  to  without  being  aware  of  their  labours,  I 
succeeded  in  1862  in  perceiving  that  the  complicated  motion 
of  the  plate  and  lens  might  be  really  resolved  into  two  simple 
movements,  a  circular  motion  of  the  whole  apparatus,  and  a 
rectilinear  motion  of  the  plate;  and  that  if  the  motion  of  the 
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oamerm  revolring  be  made  to  caity  with  h  a  stmit  rail  at  the 
back)  Ibe  platehold^  has  only  to  trateree  this  id  a  right  line 
to  give  the  due  motion  reqtHred. 

By  forming  a  groove  upon  the  edge  of  the  oircuhr  base 
plate  upon  which  the  camera  rotates,  and  lurnitig  this  to  the 
proper  depthy  the  due  rectilineal'  motion  of  the  plate  behind 
the  lens  may  be  given  by  means  of  two  string*  or  wlfes^  one 
ead  of  eaieh  of  whkh  is  attached  to  the  dko  or  base  plate 
and  the  other  to  the  carriage  eontaining  the  pfcitefaoklery  «o 
that  if  we  resMve  the  tk>ckwork  by  releasing  the  epilng  wbfadl 
holds  it  up  to  the  inner  edge  of  the  einndar  base,  tre  tan 
obtain  all  the  necessary  motions  for  working  the  camem  with^ 
out  either  wheel  or  pinion  or  any  nechannm  whaterrer  Uttl^si 
the  wires  and  disc  and  the  five  friction  rollers  upon  wfaiefa  the 
apparatus  motes  can  be  called  such.  Views  laay  be  tldceft 
witk  the  insif  ument  hi  this  state,  b«t  the  ae^otaoy  necessary 
to  produce  an  equid  tinty  partie«ihrly  in  the  skies^  is  unsfttttitf- 
aUe  except  by  clockwork.  The  latter  h  Mtremely  ^niple. 
It  is  a  ansdl  dock  movement  moved  by  a  sprilig,  ohaiis*  tmd 
fbsee,  and  is  r^ulatcd  by  a  fly  or  series  of  flys»  the  biMies  of 
wlueli  may  be  set  at  any  angle  ftom  die  horisontid  to  Hhe 
vertioalk'  It  drivee  the  instrvmeiyt  by  means  of  a  smedi  steel 
pulley  g^mg  into  the  milled  edge  cf  the  ctremlar  base  by  a 
process  which  may  be  called  a  compromise  between  ftietional 
and  toothed'  gearing,  and  wfaidi  has  advuntagefl  thai  neither 
of  these  possesses  singly. 

In  my  rude  attempts  to  illustrate  the  principle  of  the  rotating 
camera  I  said  that  the  my  of  light  passing  through  thiK  lens 
mast  be  limitedv  The  reason  of  thk  is  obvious.'  The  true 
surfoee  for  raceiviog  the  ioNige  is  a  eylikidery  but  dwi  substi- 
tuted in  the  flat  plsto  camera  ie  a  pfame  suriiEice. 

Nowy  the  smaller  the  angular  aiperture  of  the  narrow  strip 
of  %bt  employed,  the  neai«r  the  tangent  approaches  tbe 
€furre. 
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There  is  great  disdrepancy  between  the  curve  and  straight 
fine,  when  the  width  of  the  dtrip  is  equal  to  a  d,  fig.  5,  but 
the  drfference  is  inappreciable  wlien  limited  to  b  c. 

The  width  of  the  active  rays  thus  employed,  is  determined 
by  a  diaphragm,  with  shifting  sides,  placed  at  the  back  of  the 
camera,  near  the  sur&ce  of  the  plate,  and  advantage  has  been 
taken  of  this  in  order  to  produce  clouds,  and  generally  atmos- 
pheric effects  not  attainable  in  the  ordinary  camera. 

By  making  the  aperture  taper  thus 

Fio.  6. 


or 


the  narrow  portion  being  opposite  the  sky,  it  is  obvious  tiMit 
*t  Wtally  ^ffiffetenft '^xpciBUSfe  ^1  be  given  according  to  the 
Width  of  Dhe  Opening,  tftfd  diiffecJtly  proportionate  to  4he '«tettt 
6f  thdt  oJ)eiiing. 

If  the  i*^rt  (a)  be  fiifty  tinii<s  the  idOth  of  Ae  ^art  (*),  thw 
fhe  tiitae  bf  ^he  eipoSttte  of  the  fii^t  plane  *6f  the  ftetsmre  MMld 
iUVptittlbn'of  iWsky^tdh  apprtdfehes  1*e  ttttWi 'Will  be 
fts^SO  to  1. 

■Now^e  kttdw'ftit  Ve  6tai  gfet'tbe  iii6st  ^elittite  dotld  -by 
a^^ilfficlerifl/'adrtfexpodtl^e,^od'th^t  %e  tjan^^  *get  paHs 
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in  deep  shadow  by  an  exposure  sufficiently  long^,  but  hitherto 
we  have  not  been  able  to  obtain  these  simultaneously. 

Several  hundred  views  upon  the  table  will  show  to  what 
extent  of  perfection  this  principle  of  unequal  exposure  has 
been  carried. 

As  all  of  these  views  were  obtained  during  last  season, 
many  of  them  at  elevations  of  from  eight  to  ten  thousand  feet 
above  the  sea ;  and  as  the  parts  of  the  larger  instruments  had  to 
be  detached  and  carried  separately  and  then  mounted  together 
on  arrival  at  the  elevated  station,  it  may  be  safely  alleged,  we 
think,  that  the  pantascopic  camera  is  efficient  in  producing 
what  it  professes  to  do,  and  that  it  is  a  practical  instrument 
bearing  the  necessary  amount  of  rough  usage  inseparable  from 
a  campaign  like  that  undertaken  by  the  photographer  who 
produced  these  views. 

Having  already  occupied  so  lai^  a  portion  of  your  time,  I 
will  only  add  a  few  words  as  to  the  nature  of  the  perspective 
in  which  these  views  are  produced. 

It  is  a  very  common  error  to  suppose  that  there  is  only  one 
sort  of  perspective,  and  I  was  surprised  to  see  that  when  the 
pantascopic  camera  was  first  explained  to  the  Photographic 
Society  of  London,  the. vulgar  view  was  entertained  by  at 
least  two  members  of  the  council  of  that  learned  body. 

On  that  occasion,  two  gentiemen  entered  their  protest 
against  the  assumption  that  the  views  shown  or  taken  by  the 
camera  were  true. 

The  inventor  very  pertinently  asked,  What  is  truth — what 
is  your  standard?  Do  you  mean  that  the  views  are  not  in 
plane  perspective?  But  I  have  already  said  they  are 
panoramic  views.  How  can  they  be  in  plane  perspective  if 
they  are  panoramas?  It  was  evident  that  to  them  there  was 
but  one  perspective;  but  it  has  been  said  by  competent 
authority  that  there  are  as  many  kinds  of  perspective,  as  there 
are  imaginable  surfaces  upon  which  to  receive  the  visual  rays 
passing  from  objects  to  the  observer.     At  least  three  such 
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systems  of  perspective  are  acknowledged  and  acted  upon  by 
artists.  We  may  call  these  spherical^  cylindrical^  and  plane 
perspective. 

A  painting  upon  the  interior  of  a  spherical  dome,  or  a  view 
taken  by  Sutton's  beautiful  spherical  lens^  is  an  illustration  of 
the  first  system ;  Burford's  or  Selon's  views  on  the  walls  of  a 
circular  apartment,  or  the  pantascopic  views,  illustrate  the 
second  system;  and  an  ordinary  perspective  drawing,  or  a 
view  taken  with  a  triplet  or  new  doublet  lens,  furnishes  us 
with  an  illustration  of  the  third  system,  or  that  which  is 
usually  employed  by  artists. 

Now  all  these  are  really  true,  but  to  be  absolutely  so,  the 
pictures  must  be  viewed  upon  surfaces  similar  to  those  upon 
which  they  have  been  projected,  and  from  the  same  station 
point. 

Mr.  Sutton's  pictures  must  be  taken  and  viewed  upon 
bowls  of  glass,  the  eye  being  in  the  position  of  the  lens  when 
the  view  was  taken.  With  Burford's  panorama  we  must 
place  ourselves  in  the  centre  of  the  room  and  turn  round  so 
as  to  view  the  picture  as  we  should  view  the  landscape  it 
represents. 

This  is  equally  true  of  a  picture  in  plane  perspective,  so 
that  if  we  really  insist  upon  absolute  truth  in  viewing  a 
picture  taken  by  a  lens  of  four-inch  focus,  the  picture  must  be 
brought  within  that  distance  from  the  eye,  or  the  extreme 
lateral  objects  will  not  fall  upon  the  retina  at  that  angle  which 
they  would  do  in  viewing  the  landscape  itself. 

As  our  object  is  usually  to  produce  pleasing  pictures, 
rather  than  an  absolutely  truthful  representation  of  the  scene, 
the  discrepancy  between  the  pantascopic  pictures  viewed  flat 
is  rarely  objectionable,  indeed,  if  we  examine  the  numerous 
views  before  us,  we  shall  see  that  in  many  of  them  the 
widening  of  the  base  line  is  advantageous,  and  often  adds  to 
the  value  of  the  picture,  by  giving  better  arrangement  or 
composition.     Perfect  truth  may  at  all  times  be  obtained  by 
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i^brving  the  'pidture,  olr  by  ttNimtmg^  it  in  an  indtrenient  I 
have  devised  for  the  purpoftis,  and  whieh  I  propo^  to  call  a 
Pantascope  or  Orthoscope.  In  that  instrument  the  curved 
picture  and  lens  have  a  definite  relation  <o  the  lens  and  camera 
employed,  so  that  the  images  are  seen  exactly  in  eitu,  and  if 
for  the  lens  we  substituted  t  theodiKte  nr  Similar  histrmneht, 
the  horizontal  bearitigs  of  each  objebt  could  he  taken  as  in 
nature.  As  only  a  immyw  strip  'of  tbe  ffeld  is  employed,  the 
view  is  free  from  the  distofrtion  which  "we  should  have  imd 
with  the  same  lens  covering  a  iiu*jB^  fidd. 

It  will  be  seen,  on  examining  ptettires  in  (his  instrtitoent, 
that  from  the  fact  of  the  lens  beit^g  thus  truly  placed  we  have 
on  looking  thr6«igti  it  such  admiraMe  Kght  andshttde,  and 
such  perfect  modelling  tf  the 'objects,  that  the  effect  is  atrtistic 
relief  in  the  highest  degree,  almost  in  fact  competing  with  the 
solidity  due  to  binodrl^  Vision.  As  the  lens  magnifies  the 
objects  considerably,  i>eadtiful  detail  is  obtaifted,  the  geologi- 
cal character  of  the  distlmt  rocks  and  the  p^*0ulfar  character  of 
the  ioe  of  the  gt^ef^  t^hfg  re)fr^^ted  with  m^st  stvildnig 
effect. 

These  views  have  been  shown  to  the  Alpine  Cfcibtrnd  to 
Profel^r  Fofbes'bf  EdintJU^,  whose  kbouts  on  the  g^Iaciers 
are  so  well  knoWh.  A41  aotfour itx  'coDlfsiderirtg^  them  the  tnoftt 
perfect  represetitbltidns  6f  the  ^tibject  which  have  bectti  fet 
produced. 

Mr.  BirxTOK  said  that  %e  cbuld  a^  hte  tefttteony  as  to 
the  amount  of  rotigh  tisdgie  '#bich  b  Ptintascopic  Cam«n*a 
would  bear  i^ibout  {beiilg  tendl^l^d  'unfit  for  woi4c.  The 
camera  be  had  llAed  iftM  ddiiiki^'iwtoife^ribly  knocked  about 
*on  its  way  frotti  Lodddti,  fthd  t^ftcT^v^rds  in  S^sMland,  but  the 
'macfain^y  always  >Voik^  as'smodthlyas  lie  dould^deshre. 


145 


Ordinary  Meeting,  March  20th,  1866. 

E.  ScHimcK,  Ph.D.,  F.R.S.,  Vice-President,  in  the  Chair. 

Mr.  John  Patterson  was  elected  an  Ordinary  Member  of 
the  Society. 

Dr.  J.  P.  JouLB,  F.R.S.,  exhibited  a  balance  which  he 
had  constructed  on  the  principle  which  had  been  introdu^ 
by  Professor  Thomson,  and  employed  by  him  in  weighings 
for  a  long  time.  The  adjoining  figure  will  fully  explain  the 
instrument.  The  beam  has  a  leaden  weight  let  into  its 
extremity  b.  It  is  supported  by  a  wire  a  a  stretched  between 
the  sides  of  the  box  containing  the  balance.  This  wire  is 
led  round  so  as  to  form  the  suspender  a'  d  of  the  scale.  Silk 
threads  c  c;,  c  c,  hanging  from  the  cross  pieces,  form  a  gimbal 
system  by  which  the  scale  is  supported  in  such  a  manner 
that  any  variation  in  the  position  of  the  weights  does  not 
alter  the  torsion  of  the  suspender.  A  counterpoise  of  known 
weight  is  placed  on  the  stage  d.  When  an  article  is  to  be 
weighed  it  is  placed  in  the  lower  part  of  the  scale  «,  and  then, 
the  counterpoise  being  removed,  weights  are  placed  on  the 
stage  to  effect  the  counterpoise  in  the  new  condition.  The 
difference  between  the  first  and  second  counterpoises  of 
course  gives  the  weight  required.  The  upper  edge  of  the 
beam  is  furnished  with  an  index  for  showing  minute  effects ; 
and  attached  to  this  is  a  small  bottle  e  for  holding  shot  or 
sand,  by  the  addition  of  which  the  stability  of  the  beam  may 
be  decreased  to  any  required  extent.  The  instrument  exhi- 
bited was  able  to  weigh  articles  of  upwards  of  8,000  grains 
to  one  hundredth  of  a  grain.  Dr.  Joule  stated  that  he  had 
also  employed  Professor  Thomson's  principle  in  the  construc- 
PBOOxBPXHafl— Lit.  &  Phil.  Soodbty.— Voi..  V.— No.  18— Session  1865-6. 
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tion  of  a  galvanometer  for  the  absolute  measure  of  electrical 
currents.  In  this  instrument  a  flat  coil  is  suspended  between 
two  fixed  flat  coils^  one  of  which  attracts  while  the  other 
repels  the  suspended  coil^  to  which  last  the  current  is  con- 
ducted by  means  of  the  suspending  copper  wires.  This 
electrical  balance  is  sensitive  to  one  part  in  two  millions. 


Mr.  BiKNBT,  F.B.S.I  exhibited  a  singular  mineral  which 
Mr.  Ward  of  Longton  had  found  ip  a  ncrdule  of  clay  iron- 
stone from  the  North  Staffordshire  coalfield.  At  first  sight 
it  looked  like  a  fossil  coral  of  the  genus  CyathophyUum,  but 
on  more  careful  examination  it  appears  to  b^  a  mineral  mass 
in  a  semicrystalline  state.  The  form  of  the  mineral  appears 
to  have  been  spheroidal  with  crystak  radiating  from  the 
centre.  By  the  kindness  of  Dr.  Grace  Calvert  he  had  ascer- 
tained the  specimen  to  consist  chiefly  of  carbonate  of  lime, 
carbonate  of  iron,  and  phosphate  of  lime,  with  traces  of 
magnesia,  alumina,  and  organic  matter,  and  ten  per  cent  of 
silica. 

He  also  exhibited  a  beautiful  white  specimen  of  carbonate 
of  strontia  obtained  from  a  vein  of  carbonate  of  lime.  It 
occurred  among  the  lime  in  radiated  masses  similar  to  those 
of  carbonate  of  barytes  as  sometimes  found  in  veins  of 
sulphate  of  barytes.  This  mineral  has  been  found  in  con- 
siderable abundance,  but  up  to  this  time  it  is  believed  that 
no  use  has  been  found  for  it  on  a  large  scale. 

Messrs.  Hull  and  Bbockbamk  exhibited  speciipens  of  the 
iron  ores  referred  to  in  their  paper  '^  On  the  Liassic  an^ 
Oolitic  Iron  Ores  of  Yorkshire  and  the  East  Midland  Coun- 
ties," read  at  the'last  meeting  of  the  Society. 

Professor  Boscoe  stated  that  he  had  just  received  a  letter 
from  Professor  Bunsen,  announcing  the  discovery  of  a  most 
interesting  and  important  fact,  namely,  that  the  well  knoiyn 
black  absorption  lines  of  the  Didymium  spectrum,  when 
examined  with  polarised  light,  vary  according  to  the  direc- 
tion in  which  the  light  is  allowed  to  pass  through  the  crystal. 
This  shows  that  the  position  of  the  black  absorption  lines  is 
in  some  degree  dependent  upon  the  physical  structure  of  the 
body  through  which  the  light  passes,  and  is  not  merely 
determined  by  its  chemical  constitiition. 
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A  paper  was  read  entitled  ''Notes  on  Cotton  Spinning 
Machinery.  Part* II. — ^Roving  Frames/*  By  J.  C.  Dybb, 
Esq.,  Vice-President. 

Having  in  Part  I.  of  these  Notes  given  an  account  of  the 
inventions  and  improvements  that  had  been  applied  to  the 
mule  jenny,  and  for  converting  it  into  the  self-acting  mule, 
the  present  paper  in  like  manner  traces  the  origin  and  pro- 
gress of  the  machines  known  as  roving  frames,  which  come 
next  in  the  order  of  scientific  interest,  as  having  engaged  the 
labours  of  many  eminent  mechanics,  through  a  long  course 
of  years,  to  bring  them  into  their  present  accurate  form  of 
working.  The  rovings  are  equalised  by  doubling  and  draw- 
ing before  coming  to  the  roving  frame,  in  which  they  are 
again  drawn  and  slightly  twisted  to  fit  them  for  spinning ; 
but  the  twist  is  not  enough  to  give  them  strength  to  be 
taken  up  by  the  drag  of  the  bobbin,  as  is  the  case  in  throstle 
spinning,  so  that  the  bobbins  must  be  driven  separately  from 
the  fliers  and  their  speed  must  vary  according  to  their  dif- 
ferent diameters,  so  as  to  make  the  surface  motion  of  windmg 
on  to  correspond  with  that  of  the  delivering  rollers,  and 
when  the  latter  motion  is  changed  the  former  must  be  made 
to  agree  with  such  change,  which  is  called  the  di£ferential 
motion;  and  to  make  these  agree  with  th^ frequent  changes 
required  was  attended  with  much  trouble  and  difficulty  in 
working,  which  ultimately  led  to  the  introduction  of  the 
machine  called  the  "  tube  roving  frame,'*  in  which  the  said 
differential  motion  was  wholly  dispensed  with.  In  this 
frame  the  bobbins  are  mounted  on  cylinders  and  turned  by 
the  friction  of  their  surfaces.  Being  geared  with  the  deliver- 
ing rollers,  their  motions  were  thus  made  to  agree  at  all 
speeds.  But  another  property  of  importance  in  the  tube 
frame  was  the  twisting  and  untwisting  of  the  rovings  and  the 
pressing  of  them  hard  upon  the  surface  of  the  bobbins,  so  that 
the  surface  motion  could  be  made  accurate.  This  tube  frame  to 
a  large  ej^tent  was  substituted  for  the  bobbin  and  fly  frame  for 
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low  numbers^  but  it  could  not  be  made  applicable  to  rovings  for 
fine  spinning;  but  the  pressing  of  the  rovings  hard  upon  the 
bobbins  in  the  tube  frame  rendered  the  application  of  the 
presser  to  the  fly  frame  of  great  importance.  After  many 
experiments  this  object  was  effected^  and  the  application  of 
the  presser  to  the  bobbin  and  fly  frame  was  carried  into  effect 
by  means  of  springs^  or  the  centrifugal  action  of  revolving 
weights  attached  to  the  arms  of  the  fliers,  and  both  of  these 
methods  were  set  forth  in  the  patent  for  those  improvements. 
Nevertheless  several  competing  parties  afterwards  obtained 
patents  for  very  trivial  changes,  called  "inventions,'*  for 
applying  the  said  spring  and  centrifugal  actions  to  press  the 
rovings  upon  bobbins. 

The  differential  motion  of  the  bobbin  and  fly  frame  con- 
tinued very  imperfect  until  Mr.  Henry  Houldsworth's  import- 
ant invention  of  a  self-adjusting  apparatus  for  giving  the 
differential  motions  required.  This  discovery  of  a  very 
simple  train  of  movements  for  securing  the  required  rotations 
of  the  delivering  rollers  of  the  bobbins  and  of  the  fliers 
will  at  once  be  recognised  as  an  invention  of  a  high  order 
in  mechanical  science.  From  the  limits  of  this  abstract 
the  main  features  only  of  these  delicate  movements  can  be 
given,  and  for  the  details  the  paper  must  be  consulted 
in  extenso.  I  rStij  here  add  that  about  sixty  years  ago 
Mr.  John  Kennedy  employed  rotating  tin  cans  for  giving 
twist  to  rovings ;  but  as  they  could  not  be  driven  with  suffi- 
cient speed,  the  old  throstle  spindle,  enlarged  to  suit  rovings, 
was  adopted  for  the  frames  called  the  *'  slubber"  and  the 
"  bobbin  and  fly,"  and  these  frames,  with  many  improve- 
ments by  the  same  gentleman  and  others,  were  in  extensive 
use  until  partially  superseded  in  the  year  1828  by  the  tube 
frame  as  before  mentioned;  and  the  suggestive  nature  of 
new  inventions  and  discoveries  as  leading  to  the  production 
of  others  is  strikingly  shown  in  the  successive  application  of 
those  in  the  tube  frame  to  the  bobbin  and  fly,  as  before  said. 
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Again,  Mr.  Houldsworth's  beautiful  differential  motion,  then 
called  **Jack  in  the  box,"  being  governed  by  bands  and 
pulleys,  their  chance  of  slippage  rendered  it  desirable  to  sub- 
stitute toothed  ivheels,  on  which  occasion  Mr.  John  Kennedy 
andiMr.  Peter  Ewart  each  discovered  the  three- wheel  motions 
since  adopted — those  of  Mr.  Ewart  were  mitre  wheels,  Mr. 
Kennedy's,  spur  gearing — the  latter  being  mostly  preferred. 
And  it  is  worthy  of  note  that  the  three  mitre  wheels  for 
giving  the  differential  motion  in  the  slide  lathe,  required  for 
turning  cones,  had  been  long  in  use  and  publicly  seen  with- 
out any  one  having  dreamed  of  the  application  of  them  to 
other  objects ;  nor  was  Mr.  Houldsworth  at  all  aware  of  these 
slide  lathe  differentials  until  pointed  out  to  him  by  Mr. 
Ewart* 

The  paper  concludes  by  an  earnest  appeal  to  Mr.  Houlds- 
worth and  other  eminent  mechanicians  personally  connected 
with  the  progress  of  modern  inventions  and  improvements  of 
the  machinery  employed  in  our  manufacturing  establish- 
ments, to  record  their  own  experience  and  observations  upon 
the  several  branches  with  which  they  have  been  more  espe- 
cially conversant,  as  has  been  done  by  Dr.  Fairbairn  in  his 
published  works,  and  as  the  author  of  these  Notes  has  aimed 
to  do. 


The  following  papers  were  read  at  the  Photographical 
Section  Meeting,  February  8th,  1866. 

'*0n  the  Supposed  Photographs  by  Boulton  and  Watt.** 
By  Joseph  Sidebotham,  Esq. 

About  three  years  ago  the  scientific  world  was  startled  by 
the  announcement  of  the  discovery  of  sun  pictures,  on  paper 
and  on  silver  plates^  said  to  have  been  produced  at  the  dose 
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of  the  last  century,  by  Matthew  Sk>ulton  and  James  Watt ; 
shortly  afterwards,  Mr.  Smith,  of  the  Patent  Museuoti,  read 
a  paper  on  the  subject,  and  exhibited  the  pictures  in  question 
at  a  meeting  of  the  London  Photographic  Society,  and 
also  produced  copies  of  many  documents  connected  with  the 
subject  The  whole  was  published  in  the  Journal  of  the 
Photoffraphic  Society^  together  with  the  discussions,  and  a 
large  amount  of  correspondence  appeared  in  the  journals. 
No  conclusion,  however,  appeared  to  be  arrived  at,  nor  any 
suggestions  made  of  the  process  by  which  the  pictures  on 
paper  could  have  been  produced. 

During  the  last  winter,  in  company  with  Mr.  James  Nas- 
myth,  I  paid  a  viiiit  to  the  Patent  Museum.  Through  the 
kindness  of  Mr.  Smith,  we  had  an  opportunity  of  examining 
these  pictures  carefully,  hearing  what  he  had  to  say  on  the 
subject,  and  seeing  some  of  the  original  letters  and  papers. 
Mr.  Smith  also  gave  me  a  small  portion  from  one  of  the  torn 
pictures,  and  has  since  sent  me  another,  for  the  purpose  of 
careful  examination.  Through  his  kindness,  also,  I  am 
enabled  to  exhibit  to  you  this  evening  a  number  of  the  per- 
fect pictures,  in  the  hope  that,  by  your  seeing  and  examining 
them,  some  light  may  be  thrown  on  the  secret  of  their 
production. 

It  will  be,  perhaps,  well  to  give  you  a  short  historical 
sketch  of  the  pictures.  Those  who  wish  to  refer  at  length 
to  the  published  accounts,  will  find  them  in  vol.  viii.  of  the 
Journal  of  the  Photographic  Soeiefy. 

The  pictures  in  question  consist  of  a  number  on  paper — 
some  large  (so  large,  indeed,  that  it  requires  two  sheets  to 
form  one  subject),  others  small.  They  vary  in  shade  of 
colour  from  black  to  dull  red^-many  being  of  a  sepia  tone. 
Some  are  plain,  others  coloured.  These  pictures  came  from 
Boulton's  old  house  at  Soho,  and  many  of  them  are  evidently 
experiments,  being  marked  with  large  figures  in  pencil. 
The  plates  ure  iwo  silvered  copperplates,  also  found  in  the 
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old  library  at  Soho.  These  we  will,  however,  leave  for  the 
present,  and  proceed  with  the  pictures  on  paper. 

According  to  the  evidence  of  letters  and  other  documents 
produced  by  Mr.  Smith,  Matthew  Boulton  was  in  possession 
of  a  secret  plan  for  producing  what  he  called  "  mechanical 
pictures  " — the  inventor,  or  partial  inventor,  of  the  process 
being  a  person  of  the  name  of  Eginton,  who  appeared  to 
superintend  this  department  of  the  Soho  establishment. 
These  pictures  (all  apparently  copies  of  paintings)  were  pro- 
duced rapidly,  and  at  very  low  prices — ^from  seven  shillings 
and  sixpence  upwards,  according  to  the  size.  They  appear 
to  have  all  the  touches  of  a  painting.  Sometimes  they  were 
transferred  to  canvas  and  painted  in  oil  colours,  sometimes 
tinted  on  the  paper  itself,  sometimes  transferred  to  copper 
plates.  Orders  appear  to  have  been  given  to  artists  for  the 
sole  purpose  of  having  the  paintings  to  copy  or  reproduce. 
They  were  sold  in  considerable  numbers,  and  could,  it 
appears,  be  produced  of  various  sizes  according  to  order. 
The  pictures  on  paper  were  all  reversed,  the  figures  left- 
handed.  When  more  than  one  sheet  of  paper  was  required 
for  a  subject,  the  picture  was  not  joined  in  a  straight  line, 
but  curved,  so  that  the  junction  fell  in  the  shadow,  as  in  the 
leading  of  painted  windows.  Eginton  was  a  glass  painter, 
and  perhaps  took  his  idea  from  that  source. 

There  is  much  interesting  matter  published  concerning  a 
proposed  government  pension  to  Eginton,  and  a  letter  to  the 
Earl  of  Dartmouth  on  the  subject  from  Matthew  Boulton ; 
also  letters  from  Mr.  M.  P.  W.  Boulton  and  others ;  but,  as 
they  have  no  direct  bearing  on  the  mode  of  producing  the 
pictures,  I  merely  allude  to  them  here. 

Although  it  is  well  known  that  Watt,  Boulton,  Davy, 
Wedgwood,  and  other  members  of  the  Lunar  Society  ex- 
perimented in  photography,  and  tried  to  fix  the  images 
formed  in  the  camera,  we  have  the  direct  statement  that,  up 
to  the  year  1802,  Wedgwood  had  been  unsuccessful — that  no 
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amount  of  exposure  appeared  to  produce  an  image.  It  is 
not  likely,  therefore,  that,  for  years  before  (the  mechanical 
production  of  pictures  was  in  full  operation  in  1790),  his 
intimate  friend  Matthew  Boulton  should  not  only  have  been 
in  possession  of  a  secret  mode  of  fixing  images  of  pictures 
but  actually  producing  and  selling  large  numbers  of  them. 
For  this  and  other  reasons  we  must,  I  think,  decide  that  these 
pictures  could  not  in  any  way  have  been  produced  in  the 
camera;  besides  the  great  size  and  the  perfect  definition 
would  be  beyond  the  power  of  any  instruments  that  could 
then  be  made.  There  is  another  argument,  too— that  if  the 
camera  could  have  been  used,  paintings  would  have  not  been 
the  only  subjects  reproduced — views  from  nature,  or,  at  any 
rate,  works  of  art,  would  have  been  experimented  upon. 

On  some  of  the  pictures  are  seen  curious  small  spots,  each 
casting  a  shadow  in  the  same  direction — ^a  very  familiar 
appearance  to  those  who  have  copied  oil  paintings  in  a  raking 
light,  when  each  raised  spot  of  colour  does  actually  cast  its 
shadow.  This  has  been  considered  an  evidence  of  the  pic- 
tures having  been  produQcd  by  the  camera;  but  I  shall 
further  on  be  able  to  account  for  this  appearance  in  another 
way. 

Although  we  cannot  call  these  pictures  photographs,  seeing 
that  they  have  been  produced  by  some  different  process  from 
any  we  are  acquainted  with,  we  have  the  distinct  evidence  of 
Dr.  Lee  and  Mr.  Hodgson,  dear  and  unmistakeable,  that 
pictures  produced  by  this  mechanical  process  were  pointed 
out  by  Matthew  Boulton  as  having  been  produced  in  some 
way  by  sunlight. 

Perhaps  we  shall  do  well  to  narrow  the  field  of  inquiry,  by 
considering  some  of  the  suggestions  that  have  been  made, 
and  showing  how  they  could  not  have  been  produced. 

We  may  decide  that  they  could  not  be  copies  by  hand : — 
Ist.  Because  they  are  distinctly  called  '^  mechanical  pictures," 
produced  by  a  secret  process.     2nd«  Because  in  two  copies  of 
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the  same  subject  such  minute  liuies  and  marks  are  found  to 
exist  in  both — lines  not  visible  without  the  microscope,  quite 
impossible  to  be  copied  by  hand.  Besides,  We  have  the  tes- 
timony of  those  whose  lives  have  been  spent  in  engraving  and 
making  facsimile  productions  that  the  thing  is  impossible. 
They  could  not,  I  think,  be  impressions  from  metal  or  blodks. 
The  peculiar  surface  of  the  paper,  and  the  colouring  matters 
used,  would  be  quite  unsuited  to  printing  purposes.  The 
great  cost  of  engraving  these  large  surfaces  for  but  a  limited 
number  of  copies ;  the  different  sifles  in  which  the  pictures 
could  be  made;  the  non-necessity,  in  such  case,  for  the 
reversing  of  the  pictures — are  all  good  arguments  against  any 
system  of  engraving  being  used. 

It  has  been  said  that  the  plate  mark  on  some  of  the  pic- 
tures suggests  the  employment  of  plate  printing;  but,  on 
examination,  as  you  will  see,  the  supposed  plate  mark  is 
merely  an  embossed  line  on  the  paper,  either  intended  as  a 
finish  or,  more  probably,  to  mislead  as  to  the  mode  of 
production. 

The  specimens  for  your  examination  consist-^ 

1st.  Of  two  similar  pictures— one  plain,  the  other  coloured. 
A  careful  examination  of  these  will  show  that  spots  and  lines 
only  visible  with  a  lens  exist  exactly  the  same  in  each,  such 
as  no  artist  could  possibly  copy ;  yet,  strange  to  say,  there  are 
considerable  difkrences— ^ome  of  them  striking;  but  these 
are  of  precisely  the  same  nature  as  you  would  have  in  an 
under-exposed  and  an  over-exposed  print,  both  from  the  same 
negative. 

2nd.  We  have  a  coloured  mechanical  picture*-*subjeet, 

The  Ghracea  Awakening  Cupid.    This  may  be  compared  with 

an  engraving  of  the  same  subject,  evidently  both  taken  from 

the  original  painting.    In  this  you  will  notice  the  mechanical 

.  picture  is  reversed. 

3rd.  We  have  a  red  mechanical  picture— i^ifora  Bedecking 
Pan.    This  may  also  be  con^pared  with  an  ^engraving  of  the 
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same  subject^  or  rather  one  somewhat  similar.  In  the  en- 
graving another  figure  is  added;  and  there  are  other  dif- 
ferences. In  this  case  the  original  picture  had  probably 
been  reproduced  with  additions,  and  the  engraving  taken 
from  the  later  one. 

4th.  A  large  picture  in  two  parts,  from  a  painting  by 
Benjamin  West.  You  will  notice,  as  peculiar,  the  mode  in 
which  the  two  portions  of  the  picture  are  intended  to  be 
joined  together ;  also  that  the  two  halves  are  not  of  the  same 
tint,  either  in  shade  of  colour  or  depth. 

I  will  now  give  you  the  result  of  my  examination  of  the 
pictures  and  the  fragments  given  to  me  by  Mr.  Smith  for  the 
purpose  of  analysis.  The  surface  of  the  paper  appears,  first, 
to  have  been  prepared  with  gum  and  sugar.  On  that  is  the 
image  impressed,  consisting  of  finely  divided  particles, 
apparently  laid  on  either  in  the  form  of  vapour  or  very  fine 
powder.  Over  the  picture  is  a  coating  of  albumen.  This 
has  been  applied,  most  likely,  by  floating  the  picture  on  the 
surfiu^  of  a  vessel  containing  albumen.  The  picture  has 
then,  probably,  been  taken  up  carefully  and  allowed  to  drain 
for  a  short  time,  and  then  laid  flat  to  dry.  Small  air  bub- 
bles, or  particles  of  dust,  on  the  surface  would  just  produoe 
the  curious  appearance  of  projections  and  shadows  before- 
mentioned— 'the  powdery  surface  being  slightly  carried  away 
and  deposited,  just  as  we  see  it.  Those  who  have  made 
experiments  in  photography— «uch  as  in  the  old  carbon  pro- 
cess, &c. — will  at  once  fully  understand  my  remarks.  The 
albumen,  in  drying,  has  run  into  the  hollows  of  the  paper,  as 
we  see  in  the  specimens.  It  is  easy  now  to  see  how  the 
images  could  be  transferred  to  canvass,  or  painted  upon  on 
the  paper. 

How  the  images  were  formed  I  cannot  even  venture  a 
suggestion.  The  process,  if  re-discovered,  would  be  still 
valuable,  even  with  our  other  and  various  modes  of  reproduc- 
tion.   For  effidct  and  beauty  the  specimens  naw  shown  «ie 
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not  to  be  despised ;  and^  for  permanency,  have  had  the  test 
of  nearly  eighty  years. 

Many  of  these  pictures  must  be  in  existence  in  old  houses 
and  country  inns;  and,  if  more  specimens  were  obtained, 
some  clue  to  the  secret  might  be  found.  I  feel  confident  I 
have  more  than  once  seen  specimens.  Once,  in  particular, 
when  on  a  photographic  trip,  in  1853,  with  our  old  member, 
Mr.  Barton,  either  at  Ludlow  or  Hereford,  we  saw  several  of 
them,  and  puzzled  ourselves  to  make  out  what  they  were, 
with  their  striking  photographic  appearance.  At  length  we 
decided  that  they  must  be  sepia  drawings. 

The  pictures  on  silver  plates  are  two,  and,  on  certain 
evidence,  thought  to  be  views  of  Soho  House  before  the 
alteration.  As  this  took  place  at  the  end  of  last  century, 
these  pictures,  according  to  that  idea,  must  have  been  taken 
at  least  sixty-six  years  ago.  All  we  have  to  judge  upon  is 
this  evidence,  which  is  rather  weak.  The  pictures  are 
evidently  taken  in  the  camera,  and  are  genuine  photographs. 
From  the  evidence  published  in  a  pamphlet  by  Mr.  M.  P. 
W.  Boulton,  it  appears  highly  probable  that  these  pictures 
were  taken  about  twenty-eight  to  thirty  years  ago  by  his 
aunt.  Miss  Wilkinson. 

Independently,  however,  of  this,  I  fear  we  must  give  them 
up  as  modern  productions.  Their  appearance  is  that  of 
daguerreotypes  of  the  early  period,  made  sensitive  with  iodine 
alone ;  and  the  image,  as  may  be  seen  through  the  micros- 
cope, is  composed  of  mercury  vapour.  But  another  piece  of 
evidence  appears  to  me  more  conclusive  still,  and  that  is  the 
size  of  the  plates.  I  have  here  a  daguerreotype  view  of 
Rome,  taken  in  the  early  days  of  the  art — one  of  a  number 
taken  at  that  time  in  Rome  and  Paris.  If  we  now  compare 
the  size  of  the  plate  with  the  Soho  pictures,  we  shall  find 
them  identical.  Such  could  scarcely  be  an  accidental  coinci- 
dence. These  plates  were  not  made  or  used  for  any  other 
purpose ;  and  it  is  not  within  the  bounds  of  probability  that 
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the  standard  size  of  pictures^  taken  by  Daguerre  in  1835^ 
should  have  been  precisely  the  same  as  those  used  by  James 
Watt  in  1799.  However,  from  the  stamp  on  the  corner  of 
my  plate,  the  peculiar  form  of  the  figure  four  (4)  points  it 
out  as  a  French  production ;  whilst  the  Soho  plates  are 
apparently  English,  rendering  the  possibility  of  their  exact 
coincidence  in  size  still  more  improbable. 

*'  Speculations  on  the  Process  employed  by  Messrs.  Boulton 
and  Watt  in  the  Production  of  the  Pictures  called  by  them 
'  Mechanical  Pictures.' "     By  J.  B.  Dancbr,  F.R.A.S. 

My  remarks  at  present  are  confined  to  the  two  pictures  on 
the  table,  of  human  figures,  numbered  7  and  8.  They 
measure  I7xl3|  inches,  and  are  identical  in  size  and  sub- 
ject. By  the  kindness  of  Mr*  Sidebotham  I  have  had  an 
opportunity  of  making  a  minute  examination  of  them.  The 
only  apparent  difference  between  them  is,  that  No.  7  is  in 
plain  ink,  and  in  No.  8  the  garments  of  the  figures  are 
coloured — one  red  and  the  other  blue. 

I  am  informed  that  these  pictures  are  similar  to  those 
which  were  supplied  by  the  firm  of  Boulton  and  Watt,  and 
copies  from  originals  sent  to  them.  They  were  issued,  it  is 
said,  with  tolerable  rapidity,  and  at  a  very  moderate  price ; 
but  the  process  by  which  they  were  multiplied  was  kept  a 
profound  secret. 

At  the  first  glance  the  pictures  look  as  if  they  were  pro- 
duced by  hand ;  but,  on  comparing  them  carefully,  the  close 
resemblance  in  the  drawing  in  each  is  found  to  be  so  remark- 
able that  no  artist,  however  clever,  could  produce  such  exact 
duplicates  without  great  expenditure  of  time.  A  more 
minute  examination  by  means  of  a  lens  shows  scratches  and 
lines  (evidently  accidental)  which  correspond  accurately  in 
each  picture,  affording  a  convincing  proof  that  these  copies 
could  only  be  produced  by  some  mechanical  or  chemical 
agency. 


It  has  been  stated  on  good  authority^  I  believe,  that  a 
darkened  room  or  tent  was  used,  also  that  the  presence  of 
sunlight  was  required  in  the  process.  Now  this  at  once  sug- 
gests the  use  of  the  camei^a  obscura  —  an  instrument  which 
was  perfectly  well  known  at  that  period.  A  common  method 
of  exhibiting  this  instrument  was  to  darken  a  room  and  fix 
a  lens  in  a  hole  made  in  the  window-shutter,  and  view  the 
images  produced  on  a  screen  of  paper  placed  opposite  to  the 
lens.  By  this  method  a  reversed  and  inverted  picture  would 
be  seen  by  the  spectator. 

Another  form  of  camera  in  use  at  that  time  consisted  of  an 
upright  box  with  a  sliding  tube  through  the  top,  in  which 
was  fixed  a  lens,  and  above  this  a  mirror  placed  at  the 
angle  of  46''.  This  form  is  still  in  use  for  the  purpose  of  tracing 
images  thrown  on  to  paper  placed  at  the  bottom  of  the  box. 
These  primitive  forms  of  the  camera  must  be  well  known  to 
all  present.  I  name  them  only  as  affording  some  explanation 
for  the  use  of  the  darkened  room  or  tent 

The  next  question  which  suggests  itself  is  this:— -Did  they 
employ  the  camera  in  producing  images  on  chemically  pre- 
pared surfaces  ?  In  factf  did  they  practice  what  we  now 
name  photography  ? 

It  is  stated  that  in  1802  Wedgwood  and  Davy  experi- 
mented with  salts  of  silver  on  leather,  and  produced  impres- 
sions of  various  objects.  Now  if  we  may  be  allowed  to 
imagine  that  Mr.  Boulton  and  his  colleagues  were  acquainted 
with  this  effect  of  light  on  such  substances,  they  might  have 
reasoned  on  the  phenomena,  and  prepared  paper  with  these 
constituents  «<*  tannic  acid,  gelatine,  and  some  salt  of  silver. 
Had  they  done  so  they  might  have  produced  a  picture  by 
sufBcient  exposure  in  the  camera.  One  thing  is  certain,  the 
pictures  7  and  8  have  a  plentiful  coating  of  gelatine,  albu- 
men, or  some  other  substance  on  their  surface.* 

*  Mj  son  Williftm  Dwmon  tested  this  substanoe  and  pronoaneed  it  to  be 
gam. 
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At  this  stage  of  the  inquiry  I  should  like  to  ask  a  questieii 
of  those  who  have  inspected  a  large  number  of  these  picturee. 
Do  any  of  them  show  unmistakeable  marks  of  the  originals, 
soch  as  we  are  all  familiar  with  in  photographic  copies  ?  If 
this  could  be  favourably  answered,  then  photography  of  the 
present  day  would  be  benefited  by  the  discovery  of  the  means 
adopted  in  fixing  these  pictures.  I  much  doubt  if  one  of  our 
best  photographs  on  paper  would  contrast  favourably  with 
these  pictures  in  the  whites  after  a  lapse  of  seventy  years. 
But  in  my  humble  opinion  photography  has  not  been  the 
agent  employed  in  producing  these  pictures. 

Mr.  Sidebotham  had  a  portion  of  one  picture  presented  to 
him,  and  he  kindly  shared  this  with  me.  In  my  experiments 
I  found  that  the  colouring  matter  forming  the  picture  could 
be  washed  off  like  ordinary  ink,  without  leaving  a  trace  of 
any  chemical  action  on  the  paper.  Now  if  this  portion  of 
the  picture  be  a  genuine  sample,  it  does  not  exhibit  the  ordi- 
nary characteristics  of  a  photograph. 

On  further  consideration  there  are  many  reasons  which 
would  lead  me  to  conclude  that  these  pictures  have  been 
produced  by  some  modification  of  mezzotint  engravings  in 
which  the  camera  had  enabled  the  engraver  to  trace  his  out- 
line from  the  original  to  any  scale  required,  giving  him  the 
correct  outline  drawing,  the  shading  being  an  after  process ; 
but  the  rapidity  of  production,  and  the  low  price  charged, 
unfortunately  excludes  this  process  from  the  list  of  probabili- 
ties. Although  mezzotint  is  said  to  be  the  most  rapid  method 
of  engraving,  I  am  compelled  to  abandon  it  or  its  modifica- 
tions, and  pass  on  to  some  other  process. 

Now  if  we  do  not  believe  in  the  photographic  portion  of 
the  secret,  and  are  not  permitted  to  employ  engraving  on 
metal  on  account  of  the  expense  and  labour,  we  find  the  field 
of  speculation  becoming  somewhat  limited. 

Now  comes  a  very  important  question : — Did  Mr.  Boulton 
anticipate  Senefeld^  in  some  process  similar  to  lithography, 
employing  metallic  plates  mr  metallie  alloys  ?     I  em  olmo^t 
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imagine  that  such  was  the  case.  Even  prepared  paper 
surfaces,  such  as  are  named  in  Senefelder's  patent  specifica- 
tion, dated  1801,  might  have  been  used  at  Soho.  When  we 
look  at  the  rough  hand-made  paper  on  which  these  impres- 
sions are  placed,  and  see  the  thick  coating  of  gum  or  gelatine 
on  the  surface,  the  question  then  arises — Is  this  prepared 
surface  necessary  for  taking  up  the  ink  or  whatever  was  used  ? 
or  is  it  merely  to  smooth  over  the  coarse  wire  lines  in  the 
paper  ?  We  do  know  that  the  want  of  smooth  paper  inter- 
fered with  the  practice  of  lithography  for  a  long  period. 
Machine-made  paper  was  a  great  improvement,  but  now 
paper  is  made  especially  for  the  purpose. 

After  glancing  over  these  processes,  I  am  led  to  imagine 
that  the  following  mode  may  in  some  degree  serve  to  produce 
pictures  similar  to  those  before  us :— Admitting  that  the 
impressions  were  touched  up  by  hand,  I  think  the  camera 
was  employed  only  for  tracing  the  outline  and  reducing  or 
enlarging  the  image  to  any  required  scale.  The  pictures 
Nos.  7  and  8  give  good  evidence  of  tracing.  The  shading 
would  be  an  after  process,  having  the  original  for  a  copy,  the 
crayon  employed  being  made  of  some  resinous  or  fatty  matter 
mixed  with  the  colour — this  production  then  to  be  used  as  a 
transfer  on  the  prepared  surface. 

In  such  pictures  intended  for  painting,  the  ink  would  be 
light  in  colour — ^in  others  red  or  black,  as  the  taste  of  the 
artist  dictated.  In  this  manner,  as  Senefelder  states  in  his' 
specification,  the  various  styles  of  etching,  stroke  engraving, 
drawings  in  black  and  red  chalk  and  aquatinta,  &c.,  &c.,  could 
be  imitated,  and  at  small  cost  compared  with  any  other  known 
process. 

I  shall  now  leave  this  very  interesting  inquiry  in  your 
hands.  As  an  excuse  for  the  brief  and  imperfect  handling  of 
the  subject,  I  may  state  that  it  is  only  two  days  since  I  first 
saw  the  pictures,  and  I  have  not  had  sufficient  time  to  work 
up  the  subject  in  a  proper  manner;  but  if  my  speculations  serve 
to  provoke  a  discussion  amongst  the  members  of  the  Section, 
its  purpose  will  have  been  answered. 
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Ordinary  Meeting,  April  Srd,  186B. 

H.  Akgtjs  SkitH,  Ph.D.,  F,R.S.,  &c..  President,  in  the  Chkir, 

Messrs.  Wm.  Brobkbank  and  Q.  C.  Loi^e  were  appointed 
Auditors  of  tlife  Treasurer's  accounts. 

Mr.  BiNNBT,F.R.S.,said  that  he  hadobserved  the  humming 
bird  hawkmoth  {Macroglossa  SteUatarum)  during  the  past 
sominer  in  far  greater  abundance  than  he  ^ver  remembered 
having  seen  it  before.  In  the  month  of  August,  he  saw 
upwards  of  a  hundred  of  them  in  a  garden  near  Grimsby, 
were  they  appeared  to  prefer  the  common  lave'nder  flower  for 
food  to  any  other  in  the  place.  Again  in  the  first  week  of 
October,  he  observed  upwardsi  of  twenty  iii  a  garden  at 
Douglas,  in  the  Isle  of  Man.  Here  they  preferred  to  feed 
on  heliotrope  before  other  flowers.  It  was  very  interesting 
to  watch  these  moths  hovering  over  the  flowers,  and  whilst 
on  the  wing  extracting  their  food.  They  appeared  very 
wary  and  shy  after  any  attempt  being  made  to  capture  them, 
but  if  you  merely  observed  without  niaking  any  attempt  to 
molest  them  they  would  continue  their  feeding  in  confidence, 
and  you  could  watch  them  at  your  leisure.  So  a  great  deal 
of  the  shyness  and  cautioii  fbr  which  the  little  creature  has 
got  the  credit  of,  is  probably  more  due  to  the,  persevering 
efibrts  of  its  ekieHiies  to  capture  it  than  any  natural  fear  of 
man. 

A  paper  was  read  ^'  On  a  Logical  Abacus,"  by  W.  S. 
Jbvons,  Esq.,  MA. 

The  author  believed  that  this  was  the  first  attempt,  or  at 
all  events,  the  first  successful  attempt,  to  reduce  the  pro- 
cesses of  logical  inference  to  a  mechaenical  Mm.  The  purp^we 
of  this  contrivance  is  to  show  the  simple  truth,  and  the  perfect 
FBooBii>nicH»— Lit.  k  Psil.  jSochty.^-Yol.  Y.^No.  14— Smsion  1865-6. 
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generality  of  a  new  system  of  pure  Qualitative  Logic  doeely 
analagous  to^  and  suggested  by,  the  mathematical  system  of 
logic  of  the  late  Professor  Boole,  but  strongly  distinguished 
from  the  latter  by  the  rejection  of  all  considerations  of 
quantity* 

This  logical  abacus  leads  naturally  to  the  construction 
of  a  simple  machine  which  shall  be  capable  of  giving 
with  absolute  certainty  all  possible  logical  conclusions  from 
any  sets  of  propositions  or  premises  read  off  upon  the  keys 
of  the  instrument.  The  possibility  of  such  a  contrivance  is 
practically  ascertained;  when  completed  it  will  famish  a 
more  signal  proof  of  the  truth  of  the  system  of  logic  embodied 
in  it.  Still  the  more  rudimentary  contrivance  called  the 
ahactM  will  remain  the  most  convenient  for  explaining  the 
nature  and  working  of  formal  inference,  and  may  be  usefully 
employed  in  the  lecture  room,  for  exhibiting  the  complete 
analysis  of  arguments  and  logical  conditions,  and  the  expo- 
sure of  fallacies. 

The  abacus  consists  of— 

1.  An  inclined  black  board,  furnished  with  four  ledges, 
8ft.  long,  placed  9in.  apart. 

2.  Series  of  flat  slips  of  wood,  the  smallest  set  four  in 
number,  and  other  sets,  8,  16,  and  82  in  number,  marked 
with  combinations  of  letters,  as  follows : — 

FiBST  Set. 


A 
B 


A 

6 


a 
B 


a 
h 


Sboond  Set. 


A 

A 

A 

A 

a 

a 

a 

a 

B 

B 

6 

i 

B 

B 

h 

6 

C 

c 

C 

c 

C 

c 

C 

c 

The  third  and  fourth  sets  exhibit  the  corresponding  com- 
binations of  the  letters  A,  B,  C,  D,  a,  &,  c,  d^  and  A,  B,  C, 
D,  E,  a,  &,  c,  d^  9» 
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The  slips  are  furnished  with  little  pins,  so  that  when 
placed  upon  the  ledges  of  the  board,  those  marked  by  any 
given  letter  may  be  readily  picked  out  by  means  of  a 
straight-edged  ruler;  and  removed  to  another  ledge. 

The  use  of  the  abacus  will  be  best  shown  by  an  example. 
Take  the  syllogism  in  Barbara : — 
Man  is  mortal 
Socrates  is  man. 
Therefore  Socrates  is  mortal. 
Let 

A  =  Socrates. 
B  =  Man. 
C  ==  Mortal. 
The  corresponding  small  italic  letters  then  indicate  the 
negatives. 

a  =  not-Socrates, 
b  *=«  not-Man, 
c  =  not-Mortal, 
and  the  premises  may  be  stated  as 
AisB, 
B  is  C. 
Now  take  the  second  set  of  slips  containing  all  the  possible 
combinations  of  A,  B,  C,  a,  b,  c,  and  ascertain  which  of 
the  combinations  are  possible  under  the  conditions  of  the 
premises. 

Select  all  the  slips  marked  A,  and  as  all  these  ought  to  be 
B's,  select  again  those  which  are  not  B,  or  i,  and  reject  them. 
Unite  the  remainder,  and  selecting  the  B's,  reject  those  which 
are  not  C  or  c.  There  will  now  remain  only  four  slips  or  com- 
binations : 


A 

a 

a 

a 

B 

B 

b 

b 

C 

C 

C 

c 

If  we  require  the  description  of  Socrates,  or  A,  we  take 
the  only  combination  containing  A,  and  observe  that  it  is 
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joined  with  C^  hepce  the  Aristotelian  cof^clusiqn  SoontUB  is 
mortal.  We  may  also  get  any  other  possible  conclusion. 
For  instance  the  class  of  things  not-Mofi  or  b  is  seen  from 
the  two  last  combinations  to  be  always  a  or  noUSocrc^^ 
but  either  n^rtal  or  not-mortal  as  the  case  mi^y  be. 

Precisely  the  same  obvious  system  pf  analysis  is  applicable 
to  arguments  however  complicated^  As  aq  example  take  the 
premises  treated  in  Boole's  Lawq  pf  Thought,  p.  125. 

(1.)  Similar  figiir^  con8i9t  of  all  whose  corresponding 
angles  are  equal,  and  whose  corresponding  sides  are  propor- 
tional. 

(2.)  Triangles  whose  corresponding  angles  are  equal  have 
their  corresponding  sides  proportional,  and  vice  vena. 
Let 

A  =  similar. 

B  =:  triangle. 

C  ~  hating  corresponding  angles  equal. 

D  =  having  corresponding  aides  proportionaL 

The  premises  may  then  be  expressed  in  Qualitathrc 
Logic,*  as  follows  j — 

A  =  CD. 
BC  ^  BD. 


Take  the  set  of  16  slips ;  out  of  the  A's  reject  those  which 
are  not  CD ;  out  of  the  CD's  reject  those  which  are  not  A ; 
out  of  the  BO's  reject  those  which  are  not  BD;  and  out 
of  the  BD's  reject  those  which  are  not  BC.  There  will 
remain  only  six  slips,  as  follows : — 


A 

A 

a 

a 

a 

a 

B 

h 

B 

h 

h 

b 

C 

c 

c 

C 

e 

e 

D 

D 

d 

d 

D 

d 

From  these  we  may  at  once  read  off  all  the  conclusions 

laboriously  deduced   by  Boole  in  his  obscure  processes.    We 

f  8m  Pur»  IfOgiQ,  at  the  Quality  of  Logio,   apart   from  Qnsntitj,  bj 
W.  Staol^  Jerona,  M.A,  LondoQ  (fH^Dford^^  186:1. 
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at  once  see,  for  instance,  that  the  class  a,  or  '^dissimilar 
figures,  consist  of  all  triangles  (B)  which  have  not  l;heir 
corresponding  angles  equal  (c)  and  sides  proportional  (d)y 
and  of  all  figures  not  being  ttitogtss  (b)  which  have  either 
their  angles  equal  (C)  and  sides  not  proportional  (d),  or  their 
corresponding  sides  proportional  (D)  and  angles  not  equal, 
or  neither  their  corresponding  angles  equal  nor  corresponding 
sides  proportional.**    (Bool6,  p.  126.) 

The  6ele6t!6ns  as  ifiade  n{)ton  the  aiacus  are  of  course 
subject  tcy  taistakfe,  but  only  otie  tn&y  step  is  required  to  a 
logical  machine,  in  which  the  selections  shall  be  mad# 
mechanically  and  faultlessly  by  the  mere  reading  down  of 
the  premises  upon  6  set  of  kcfys,  dr  handles,  repree^enling  th6 
several  positive  and  negative  terms,  the  copula,  conjunctions, 
and  stops  of  a  ^tbposition. 

Mr.  Jevons  stated  his  opinion  distinctly  that  these  contil- 
vailces  possessed  a  the6tetical  rtfther  than  a  practical 
importance.  Like  the  analogous  Calculating  Machine  of 
Babbage  or  Scheutz,  the  logical  machine  would  hardly  fiiiA 
practical  employment  for  the  present  at  least.  But  its  value 
consisteii  in  showing  the  true  nature  of  logic  as  a  system  of 
analysis  of  the  possible  combinations  of  things,  in  short  as 
the  highest  and  simplest  form  of  the  doctrine  of  combinations. 
Not  only  would  the  deductive,  and  e^>ecially  the  inductive 
processes  of  logio  be  thus  presented  in  a  new  and  dearer  light, 
but  the  relatbn  of  logic,  the  qualitative  doctrine  of  combina- 
tions, to  mathematics  the  quantitative  doctrine  of  combinations, 
would  be  defined,  and  the  abstract  sciences  thus  brought  into 
harmony  and  due  subordination. 

In  the  description  of  his  bdafioe  given  in  the  kun;  No.  of 
the  Pl-oceedings,  Dr«  JbULK  omitted  to  mention  a  fixed 
support  against  which  tht  soale  rests  when  the  counterbakno^ 
is  removed;  By  this  me8i»  the  wires  are  k^t  constantly  in 
the  same  state  of  tension,  and  are  thus  preserved  from  the 
derangement  which  might  otherwise  ensue. 
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MICROSCOPICAL  AND  NATUBAL  HI8T0BY  SECTIONS. 

March  26th,  1866. 

A.  O.  Latham,  Esq.,  President  of  the  Sections, 
in  the  Chair. 

The  following  objects  were  exhibited: — 

Eight  mounted  specimens  of  hair  of  Australian  animals  for 
the  cabiilet ;  one  of  them,  a  species  of  Fhascogale,  very 
remarkable. — Mr.  Latham. 

A  large  collection  of  rare  beetles  from  Ceylon,  recently 

presented  to  the  Natural  History  Society  by Braybrooke, 

Esq. — ^Mr.  Latham. 

Many  specimens  of  remarkable  foraminifera  from  Dogs 
Bay. — Mr.  Linton. 

A  sample  of  the  Guano  lately  imported  from  Maiden 
Island  in  the  Pacific,  for  distiibution  among  the  members. — 
Mr.  Latham. 

Dr.  Aloook  showed  mounted  specimens  of  Elmbryonic  shells 
of  Mollusca,  including  fifty  species  collected  by  him  from 
Dogs  Bay  sand,  and  named  by  J.  Gwyn  Jefl&eys,  Esq. — 
He  said  he  had  in  a  former  communication  described  the 
peculiar  characters  of  Anomia  in  the  young  state,  and  shells 
of  this  kind  are  abundant  in  the  sand.  Pectens  are  also 
^K>mmon,  and  six  different  forms  which  he  had  sorted  out  are 
referred  by  Mr.  Jeffireys  to  the  following  species :— P.  varius, 
opercularis,  tigrinus,  test®,  similis,  and  maximus.  Lima 
subauriculata  and  L.  Loscombii  are  both  rather  scarce. 
Modiolaria  discors  in  the  young  state  is  very  common.  Area 
tetragona,  abundant;  Kellia  suborbicularis,  common;  Car- 
dium  echinatum,  rare;  Cardium  fasciatum,  very  common; 
several  species  of  Venus,  fi^uent;  and  Saxicava  rugosa, 
very  abundant.  Patella  vulgata,  Helcion  pellucidumy  and 
Tectura  virginea  with  spiral  caps  are  all  common,  the  last 


167 


being  very  abundant.  Another  limpet-like  shell  without 
spiral  cap^  referred  to  in  a  former  paper^  is  identified  by  Mr. 
Jeffreys  as  Ancylus  fluviatilis.  Emarginula  fissura  is  rare^ 
and  of  Fissurella  Grseca,  one  specimen  only  has  been  found. 
Csecum  glabrum  with  spiral  attached  is  common^  and  sepa- 
rate spirals  are  abundant ;  only  one  specimen  of  Aclis  unica 
has  been  met  with ;  Eulimella  nitidissima  is  common ; 
Homatogyra  rota,  rare;  Cerithiopsis  ad  versa,  common.  A 
few  of  the  embryonic  and  partly  grown  shells  of  Aplysia 
depilans  have  been  found,  but  they  are  very  scarce*  In 
addition  to  the  named  specimens,  a  considerable  number  of 
other  species  not  yet  identified  were  exhibited. 

List  of  Ehbbyonio  Shillb  of  Mollusoa 


Anemia  ephippitun. 
Pecten  yariua 

„      opercularis. 

„       tigrinus. 

})      tesvSB* 

,,       similis. 


» 


maxunus. 


lima  subauriculata. 

,,     Loscombii. 
Mytilus  phaseolinus. 
Modlolaria  discors. 
Area  tetragona. 
Montacuta  bidentata. 

„         ferruginosa. 
Kellia  suborbicularis. 
Spheriimi  comeum. 
Gardium  cohinatum. 
if        fasciatum. 
Venus  linota. 
Venua 

Tellina  tenuis. 
Scrobicularia  alba. 
Lyonsia  Norvegica. 
Thracia  papyracea. 
Saxicava  nigosa. 


PateUa  Tulgata. 
Helcion  peUucidnm. 
Tectura  virginea. 
Emarginula  fissura. 
Fissurella  Qradca. 
Homatogyra  rota. 
Csecum  glabrum. 
Cerithium  reticulatum. 
Cerithiopsis  adyersa. 
Scalaria  communis. 
Aclis  unica. 
Eulima  distorta. 
Chemnitzia  el^antissima. 
Odostomia  unidentata. 
Eulimella  nitidissima. 

,,        acicula. 
Velutina  leevigata. 
Lamellaria  perspicua. 
Purpura  lapillus  ? 
Mangelia  linearis. 
Cylichna  cylindraoea. 

,,        truncata. 
Aplysia  depilans. 
Spinalis  FlemingiL 
Ancylus  fluyiatilis. 
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PHYSICAL    AND     MATHEMATICAL    SECTION. 

March  29th,  1866. 

Robert  Worthington,  t^.ft.A.S.,   Vit^Pre«i<lent  of  the 
Seotbn,  in  the  Chmr. 


Mr.  Bauindbu,F.RJL.S.,  communicated  the  following:— 

EBfltri/rs  OP  lUnr  QtJLVQn  akd  AnbkOjcbtib  Obsbevations  madb  dfbiko 

THB  Ybas  1866, 

At  St  Martin's  Parsonage,  Caatletoil  Moor,  by  the  Eev.  J.  Chadwick 

BATBd,  M.A.,  F.B.A.S. 

Table  I. 


1 

6-iK0»  GAtraBd. 

8-nroH  aAtroBi. 

ToUl 

January     ..,,..■.  r  - 

aotei 
llcm. 

tfob. 

Iftwt 
el0T»- 
ti^n. 

aOfatffc 
•leva- 
tion. 

KIM   <  1  foot 

Hob.     1    tlOD. 

8177 
2-344 
1^066 
ldS7 
2-297 
0^66 
3-224 
4-646 
0-648 
6-777 
3*803 
1*092 

3*492 
2-493 
1-161 
1*377 
2*622 
0-668 
3^407 
4*^2 
0-614 
6*010 
3*608 
1*234 

3*S74 
2-^34 
1*369 
1*444 
2*863 
0*669 
3-646 
6099 
0*667 
6*261 
3*829 
1*313 

3292 
2*672 
1*111 
1*377 
2*278 

a-eai 

2-776 
1*246 
1*410 
2-647 

4*060 
3-033 
1*996 
1*474 
2-784 
0^69 
3*412 
4*941 
0-662 
6*280 
3*774 
1*289 

7tt^ 
6876 
7275 
7074 
e^34 
6St3 
5751 
S59fl 
46S1 
6621 
60S7 
6121 

February 

March    

AprQ 

Miy 

tTone     .  -  r 

0*670 1  0*666 

July     

3*260 
4-733 
0*680 
6*868 
3*384 
1168 

3-347 
4*862 
0-628 
6*030 
8*608 
1-207 

Auffust 

Septemlwr 

October 

NoTembdF 

Decembc  ....... t, 

29-466 

91^478 

88*830 

30*273 

32-067 

BS'n4 

7406^ 

l«t 


Tabia 

II. 

No.  of 
Bain. 

Total 

Moremeut 

of  the 

Wind. 

onDaTBof 

D.J8. 

Total 

Iforement 

<Df  the 

Wind. 

MeanDftOy 

Jftnuaiy  

Febiruary     

Mw^     

April   

18 
15 
11 

8 
18 

4 
14 
16 

2 
18 
14 

8 

4894 
3622 
2878 
2103 
4501 
1155 
2822 
3284 
580 
3847 
8958 
2709 

888 
241 
261 
263 
250 
288 
201 
205 
265 
213 
282 
388 

18 
13 
20 
22 
18 
26 
17 
15 
28 
13 
16 
23 

2762 
2253 
4402 
4971 
2433 
4058 
2929 
2307 
4021 
2774 
2189 
84XB 

158 
178 
220 
226 
187 
156 
172 
168 
148 
213 
183 
148 

w^  :::::::::::::::::: 

1  ^un^    

July    ; 

1  Attgost    

1  Sfiptombn*  

I  October   

KoTttnber   . . .  „ 

141 

85798 

253-8 

224 

88461 
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From  Table  I.  it  will  be  seen  that  the  total  movement  of 
the  wind  was  greatest  in  the  month  of  March^  and  least  in 
September.  In  the  year  1864  it  was  also  greatest  in  March, 
but  least  in  August.  The  total  amounts  in  the  quarterly 
periods  of  the  two  years  were: — 

1865.  1864. 

^   Winter     19152  mUes.     19174  mUes. 
Spring     ^1283     „        20940     „ 
Summer  16555     „        18111      „ 
Autumn  17269     „        20088      „ 
Table  II.  shows  that  the  mean  daily  movement  of  the  wind 
on  days  of  rain  in  1865  was  253*8  miles;  and  on  days  without 
rain,  17l;7.    The  numbers  in  1864  were  251-6,  and  1794 
respectively. 

fhe  mean  results  for  the  quarterly  periods,  and  their 
ratios,  were: — 

Kefm  Dailj  MoTement 

of  the  Wind 

on  Bainj  Da7«. 

298 


Winter 
Spring 
Summer 
Autumn 


256 
213 
245 


Mean  IhulyMoremeot 
of  the  Wind 
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BittiM 

0-52 

flU 

0-83 

160 

0-75 

156 

0-63 

The  ^tios  in  1864  were.  Winter,  0*68 ;  Spring,  6*82 . 
Summer^  0*72 ;  AatumQ>  Q'W.    It  spears  therefiuB  6em' 
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the  observations  of  the  two  years  that  the  ratio  of  the  mean 
velocity  of  the  wind  on  days  when  no  rain  falls^  as  compared 
with  that  on  rainy  days^  varies  least  in  the  spring,  and  most 
in  the  winter  quarter. 

Mr.  W.  L.  Dickinson  read  a  Paper  containing  the  results 
of  calculations  relative  to  the  Eclipse  of  the  Siin,  and  to  two 
Occultations  of  the  star  Aldebaran  by  the  Moon^  visible  here 
this  year.  The  calculations  have  been  made  for  the  Obser- 
vatory of  Robert  Worthington,  Esq.,  F.R.A.S.^  Crumpsall, 
near  Manchester,  Lat.  63^  SO'  60^-0  N.,  Long.  0>»  8»  56-16  W. 
The  Elements  used  in  the  computations  have  been  obtained 
from  the  Nautical  Almanac. 

The  Partial  Eclipse  of  the  Sim,  October  8,  1866^  is  partly 
visible  at  the  Observatory,  and 


h. 

Begins 4 

Greatest  Phase  5 


19  89  ]  Mean  Time  at 
21  86  j    Greenwich. 

At  Crumpsall  the  Sun  will  set  at  5h.  27m. 

Magnitude  of  the  Eclipse  (Sun's  diameter  =  1)  0*480. 

Angle,  from  North  Pole,  of  first  ^ 

contact,  48**  \    towards  the  West  for 

Angle,  from  Vertex,  of  first  con-    (         direct  image. 

tact,76^    J 


The  Occultations  of  the  star  a  Tauri  (Aldebaran)  by  the 
Moon. 


1866. 

September  28th... 
NoTember22nd... 

1                                           DI8APPEABA170B.                                                , 

'      Sidereal 
j      Timeat 
Observatory. 

Mean 

Timeat 

Observatory. 

Mean 

Timeat 

(Greenwich. 

Angle  from 

North  1  Ver- 

Point.  1   tex. 

I 

h.  m.   8. 
8  41  86 
I  53  U 

h.  m.   8. 

15  10  66 

9  47    6 

h.  m.   8. 

15  19  62 

956    2 

o             o 

84    !    75 
78         44 

1866. 
September  28th... 
NoTember  22nd... 

BXAPFSISAKOB. 

Sidereal 

Timeat 

Obeeryatory. 

Mean 

Timeat 

ObsRnratory. 

Mean 

Timeat 

Greenwich. 

Angle  from 

North    Ver- 
Point.     tex. 

h.  m.  8. 

4  51  41 

1      2  61  65 

h.  m.    B. 
16  20  40 
10  45    8 

h.  m.    ».    1      o     !      « 
16  29  46    1  295    i  308 
10  54    4       810    1  290 
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The  Angles  are  reckoned  towards  the  right  hand  round 
the  circumference  of  the  Moon's  image  as  seen  in  an  invert- 
ing telescope. 

Mr.  Brothbks,  F,R.A.S,,  stated  that  when:  a  solution  of 
nitrate  of  silver,  which,  from  long  use,  has  become  con- 
taminated with  organic  matter  from  collodion  plates,  is 
neutralized,  or  made  alkaline  with  carbonate  of  soda,  exposed 
to  strong  day -light  in  an  evaporating  dish,  and  heat  applied, 
a  scum  is  quickly  formed  on  its  surface.  This  scum,  when 
broken  by  a  puff  of  air  exhibits,  in  a  remarkable  manner, 
all  the  appearances  of  solar  spots  as  seen  in  good  telescopes. 
So  long  as  the  current  of  air  is  continued  the  scum  remains 
open  at  the  spot,  but  immediately  closes  partidlly  on  the 
cessation  of  the  cause,  and  streams  of  the  film  stretch  across 
the  opening,  illustrating  the  bridges  over  the  sun  spots.  At 
the  same  time  a  secondary  scum  commences  to  form  at  the 
edges  of  the  opening,  and  may  be  called  the  penumbra^  and 
in  time  closes  the  opening.  The  centre  is  occupied  by  the 
umbra  formed  by  the  carbonate  of  silver  (white  when  first 
formed)  which  has  in  the  course  of  the  experiments  turned 
black.  It  was  found  that  when  a  current  of  the  solution  was 
forced  upwards  these  effects  could  not  be  produced,  and  the 
film  was  not  affected  when  a  small  body  was  dropped  into  it. 
When  the  solution  has  been  exposed  to  the  heat  for  a  few 
hours  the  film  becomes  too  thick  to  exhibit  the  experiment, 
and  when  cold  the  appearances  described  could  not  be  pro- 
duced. This  experiment  was  referred  to  merely  as  illus- 
trating the  appearances  of  sun  spots,  and  in  no  way  as 
explaining  their  cause.  At  the  same  time  it  suggested  the 
idea  that  if  the  luminous  photosphere  of  the  sun  is  formed 
of  bodies,  named  by  various  observers,  "willow  leaves" 
(Nasmyth),  **rice  grains"  (Stone),  *'bits  of  straw"  (Dawes), 
and  of  the  existence  of  distinct  bodies  of  some  kind  on  the  visi- 
ble surface  of  the  sun  there  can  now  be  very  little  doubt,  they 


173 

may  be  floating  in  a  fluid  sufiioienlly  dense  to  SBStaih  them^ 
but  at  the  same  time  easily  thrust  aside  by  some  disturbing 
cause  below  the  surface*  The  existence  of  an  external  cause 
at  the  surface  of  the  sun  being  improbable,  may  not  the  cause 
of  the  sun  spots  arise  from  a  current  oi*  force,  sucb  as  the 
"  rdd  ^fiamei/^  i*rhich  are  supposetl  to  be  connected  with  the 
fbrmation  of  spots?  This  force  acting  on  the  *^  Irillow  leayes" 
Would  i^is^  them  ffom  the  level  at  which  they  may  be  sup- 
posed to  float,  they  would  slide  under  and  over  each  bther, 
and  thus  leave  an  opening ;  and,  upon  the  gradual  cessatiou 
of  the  disturbing  cause,  the  tendency  of  the  **  willow  leaves  ** 
would  be  to  gradually  assume  their  former  positions  and  close 
up  the  spots  in  a  way  similar  to  the  closing  of  the  film  in  the 
simple  experiment  referred  to. 

Mr.  Broth BRS  also  stated  that,  while  observing  the  moon 
with  his  five-inch  achromatic  telescope  at  about  eight  o'clock 
on  the  evening  of  March  25th,  he  observed  a  small  cfo^^body 
cross  the  disc  diagoifally,  from  left  to  right,  a  little  below  the 
spot  Copefmicus.  The  motion  was  very  rapid  and  similar  to 
th6  passage  of  a  luminous  meteor  across  the  field  of  view. 
He  conceived  it  might  be  u  meteoric  body  passing  through 
Space  at  a  distance  considerably  beyond  the  KmitS  of  the 
earth's  atmosphere. 
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Annual  Meeting,  April  17th,  1866. 

B.  Angus  Smith,  Ph.  D.,  F.R.S.,  &c..  President,  in 
the  Chair. 

The  following  report  of  the  Council  was  read  by  one  of  the 
Secretaries :  — 

The  Council  have  again  the  satisfaction  to  report  that 
although  the  balance  of  the  Treasurer's  account  has  been 
reduced  from  £360.  4s.  Sd.  on  the  1st  of  April,  1865,  to 
£269.  4s.  3d.  on  the  1st  of  April,  1866,  the  finances  of  the 
Society  are  nevertheless  in  a  healthy  state.  Extra  expendi- 
ture has  been  incurred  during  the  past  year  for  printing  and 
publishing  vol.  S,  series  3,  of  the  Society's  Memoirs ;  binding 
books  in  the  library ;  printing  a  catalogue  of  the  Society's 
library;  and  purchasing  new  books,  and  also  volumes  to 
complete  imperfect  sets. 

The  number  of  ordinary  members  on  the  roll  of  the  Society 
on  the  1st  of  April,  1866,  was  187»  Five  new  members  have 
been  elected  during  the  year ;  and  the  losses  have  been  by 
deaths,  six;  resignations,  one;  and  defaulters,  two.  The 
number  of  members  on  the  roll  on  the  1st  of  April,  1866,  was 
therefore  183.  The  deceased  members  are — Rev.  Thos. 
Buckley,  M.A.,  Mr.  James  Joseph  Dean,  Mr.  John  Parry, 
Sir  Benjamin  Heywood,  Bart.,  F.R.S.,  Mr,  John  Whalley, 
and  Mr.  Richard  Hampson. 

Sir  Benjamin  Hey  wood,  Bart.,  F.R.S.,  was  one  of  the 
oldest  members  of  the  Society,  having  been  elected  on  the 
27th  of  January,  1816.  He  held  the  office  of  Treasurer  for 
many  years,  and  was  one  of  the  Trustees  of  the  Society's 
PBOonDnrcw— Lit.  k  Phil.  Socibtt.— Tol.  T,— Ko.  15— Sbssiok  1866-6. 
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property.  He  took  an  active  interest  in  local  literary  and 
scientific  institutions^  and  was  one  of  the  founders  of  the 
Manchester  Royal^  and  Mechanics^  Institutions.  He  held 
the  presidency  of  the  latter  institution  from  1824  to  1841. 
In  1831-^2  he  represented  the  county  in  parliament,  and 
whilst  in  London  became  an  intimate  associate  of  the  pro- 
minent literary  and  scientific  men  of  the  time. 

Mr.  John  Parry  had  been  a  member  of  the  Society  for  32 
years,  having  been  elected  on  the  26th  of  April,  1833.  He 
was  a  constant  attendant  at  the  ordinary  and  sectional  meet- 
ings of  the  Society,  and  took  an  active  part  in  the  formation 
of  the  Microscopical,  Natural  History,  and  Photographical 
Sections.  He  was  the  inventor  of  coloured  signal  lamps  for 
railways,  the  first  lamps  of  this  kind  having  been  made  by 
the  late  Mr.  Ford,  of  Cateaton-street,  under  his  directions, 
and  used  on  the  Manchester  and  Leeds  Bailway.  He  had 
been  forty-three  years  in  the  confidential  employment  of 
Messrs.  Lockett  and  Co.,  the  well  known  engravers  to  calico 
printers,  and  was  one  of  the  first  to  employ  photography  in 
connection  with  that  business,  in  which  he  also  introduced 
the  electrotype  process  in  1839.  His  mechanical  skill  and 
ingenuity  were  displayed  in  the  construction  of  a  large  solar 
microscope  on  a  principle  similar  to  that  of  the  one  exhibited 
at  the  Adelaide  Gallery,  London,  about  1839  or  1840 ;  in 
making  a  panoramic  camera,  camera  bellows,  apparatus  for 
waxing  paper,  and  for  drying  albumen  plates ;  and  in  cutting 
and  polishing  sections  of  fossils  for  microscopic  slides.  He 
was  an  enthusiastic  photographer,  and  had  been  very  success- 
ful in  producing  enlarged  photographs  of  microscopic  objects. 
In  the  summer  of  last  year  he  visited  the  coast  of  Galway, 
where  he  succeeded  in  finding  a  rich  deposit  of  Foraminifera 
containing  many  new  species^  descriptions  and  lists  of  which 
have  been  given  by  Dr.  Alcock  in  the  Society's  Proceedings. 

The  several  Sections  of  the  Society  have  continued  to  ex- 
hibit their  usual  activity,  and  have  furnished  many  important 
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coimnunications  to  the  Proceedings^  and  'to  the  Memoirs  of 
the  Society.  The  admission  of  Sectional  Associates  has 
again  been  found  to  work  satisfactorily,  and  the  Council  have 
therefore  resolved  that  the  system  shall  remain  in  force  during 
another  year. 

The  following  papers  and  communicarions  have  been  read 
at  the  ordinary  and  sectional  meetings  of  the  Society  during 
the  past  session :  — 

October  Srdy  1865.— <<  On  the  Internal  Heat  of  the  Earth  as  a 
Source  of  Motive  Power,"  by  Mr.  Geoige  Greaves,  M.RC.S. 

"Note  on  the  Eclipse  of  the  Sun,  October  19th,  1865,"  by 
Mr.  W.  L  Dickinson. 

October  5th,  1865.— "On  Photographs  of  the  Edipse  ai  the 
Moon,  October  4th,  1865,"  by  Mr.  A.  Brothers,  F.R.A.S. 

"  On  a  Camera  for  outdoor  work  without  a  Tent,"  by  Dr.  J.  P. 
Joule,  F.R.S.,  &c. 

October  12thy  1865.— « Rainfall  at  Eccles  for  1864,"  by  Mr. 
Thomas  Mackereth,  F.R.A.S. 

October  IQthy  1865.— "Notes  on  Atlantic  Soundings,"  by  Mr. 
Joseph  Sidebotiiam. 

"  Notes  on  Acherontia  atropos,"  by  Mr.  Joseph  Sidebotham. 

"  Questions  regarding  the  Life-History  of  the  Foraminifera,  sug- 
gested by  Examinations  of  their  Dead  Shells,"  by  Mr.  Thomas 
Aleock,  M.D. 

October  17th,  1865.— "Notes  on  the  Origin  of  several  Me- 
chanical Inventions,  and  their  subsequent  application  to  different 
purposes.  Part  I.,"  by  Mr.  J.  C.  Dyer,  V.P. 

October  31st,  1865. — "On  Coohng  and  Ventilatmg  the  Workings 
of  deep  Coal  Mines,"  by  Sb  J.  F.  W.  Herschel,  Bart.,  M.A,  D.C.L., 
F.R.S.,  Ac. 

"  On  Coresolvents,"  by  the  Hon.  Chief  Justice  Cockle,  M.A., 
Ac,  President  of  the  Queensland  Philosophical  Society.  Com- 
municated by  the  Rev.  Robert  Harley,  F.R.S.,  &c. 

November  9^  1865.— "Note  on  the  Variable  Star,  S  Delphini," 
by  Mr.  J.  Baxendell,  F.R.AS. 
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November  liih,  1865.— "On  a  Predisposing  Cause  of  the  Cattle 
Disease/'  by  Mr.  Thomas  Ainsworth. 

**  An  Attempt  to  refer  some  Phenomena  attending  the  Emission 
of  Light  to  Mechanical  Principles,"  by  Mr,  R.  B.  Clifton,  M.A., 
Professor  of  Natural  Philosophy  in  Owens  CoUege. 

Naoember  20tk,  1865. — "On  Collecting  Foraminifera  on  the 
West  Coast  of  Ireland,"  by  Mr.  John  Parry. 

"  On  the  Illimiination  of  Opaque  Objects  under  the  high  powers 
of  the  Microscope,"  by  Mr.  J.  B.  Dancer,  F.R.A.S. 

November  28«A,  1865. — "On  the  Amount  of  Carbonic  Acid 
contained  in  the  Air  above  the  Irish  Sea,"  by  Mr.  T.  E.  Thorpe, 
Assistant  in  the  Private  Laboratory,  Owens  College."  Com- 
municated by  Professor  H.  £.  Roscoe,  F.R.S. 

December  7thy  1865. — "On  the  November  Meteors,  as  observed 
at  Woodcroffc,  Cuckfield,  Sussex,  November  12-13,  1865,"  by  Mr. 
Geoige  Enott,  F.R.A.S.  Communicated  by  Mr.  Baxendell, 
F.RA.S. 

December  12^  1865. — "  Notes  on  the  Origin  of  several  Me- 
chanical Inventions,  and  their  subsequent  application  to  different 
purposes,  Part  II.,"  by  Mr.  J.  C.  Dyer,  V.P. 

December  lith,  1865. — "  On  the  Application  of  Measuring  Rods 
to  Photographic  Pictures,"  by  Mr.  Joseph  Sidebotham. 

"On  Celestial  Photography,"  by  Mr.  A.  Brothers,  F.RA.S. 

December  18<A,  1865. — On  late  Improvements  in  Illuminating 
Opaque  Objects  under  the  higher  Powers  of  the  Microscope," 
by  Mr.  H.  A.  Hurst 

December  26«A,  1865.—"  On  Fossil  Wood  found  in  Calcareous 
Nodules  in  the  lower  Coal  Seams  of  Lancashire  and  Yorkshire,"  by 
Mr.  K  W.  Binney,  F.R.S.,  <fec. 

Jarmary  i(h^  1866. — Remarks  on  the  Barometric  Disturbances 
during  the  Months  of  October,  November,  and  December,  1865," 
by  Mr.  G.  V.  Vernon,  F.R.A.S. 

"Ram&ll  for  1865  at  Old  Trafford,"  by  Mr.  G.  V.  Vernon, 
F.RA.S. 

"Note  on  the  Variable  Star,  T  Aquilae,"  by  Mr.  J.  Baxendell, 
F.RA.a 
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January  2Zrd,  1866. — "  Notes  on  Section  of  Chat  Moss,  near 
Astley  Station,"  by  Mr.  W.  Brockbank.  • 

January  29^  1866.— "On  the  Humming-bird  Hawk-moth," 
by  Mr.  Linton. 

Ftbruary  1«^,  1866. — "Kesults  of  Rain-guage  and  Anemometer 
Observations  made  at  Eccles,  near  Manchester,  during  the  year 
1865,"  by  Mr.  Thomas  Maokareth,  F.R.A.S. 

"  Note  on  the  Variable  Star,  S  Coronse,"  by  Mr.  J.  Baxendell, 
F.RA.S. 

*'  On  the  Determination  of  the  Mean  Form  of  the  Laght-curye 
of  a  Variable  Star,"  by  Mr.  J.  Baxendell,  F.R.A.S. 

FehruaTry  6th,  1866. — "Notes  on  the  Origin  of  several  Me- 
chanical Inventions,  and  their  subsequent  application  to  different 
purposes,  Part  IIL,"  by  Mr.  J.  C.  Dyer,  V.P. 

February  Sth  1866. — "On  the  Supposed  Photographs  by  Boul- 
ton  and  Watt,"  by  Mr.  Joseph  Sidebotham. 

**  Speculations  on  the  Process-  employed  by  Messrs.  Boulton  and 
Watt  in  the  Production  of  the  Pictures  caUed  by  them  Mechanical 
Pictures,"  by  Mr.  J.  B.  Dancer,  F.R.A.S. 

February  20th,  1866. — On  a  New  Species  of  Dadoxylon,  found 
in  the  Upper  Foot  Coal,  near  Oldham,"  by  Mr.  E.  W.  Bimiey, 
F.RS.,  F.G.S. 

"  On  Air  from  off  the  Atlantic,  and  from  some  London  Law 
Courts,"  by  Dr.  R.  Angus  Smith,  F.RS.,  &c.,  President. 

March  Ist,  1866.— "On  the  Variable  Star,  R  VulpeculsB,"  by 
Mr.  G.  Knott,  F.RA.S.  Communicated  by  Mr.  J.  Baxendell, 
F.RA.S. 

"  On  the  Fall  of  Rain  during  the  Different  Hours  of  the  Day, 
as  deduced  from  a  Series  of  Observations  made  by  the  Rev.  J.  C. 
Bates,  M.A.,  F.RA.S.,  at  St.  Martin's  Parsonage,  Castleton  Moor," 
by  Mr.  J.  Baxendell,  F.R.A.S. 

March  6th,  1866.— "Note  on  the  Purification  of  Platinum,"  by 
Mr.  R  Somjtadt. 

"  On  the  Liassic  and  Oolitic  Iron  Ores  of  Yorkshire  and  the 
East  Midland  Counties,"  by  Messrs.  E.  Hull,  F.G.S.,  and  William 
Brockbank. 
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Afarch  Sth,   1866.— **  On  the  Pantascopic  Camera."  by  Mr.  J. 
K  Johnson.     Communicated  by  Mr.  K  C.  Buxton. 

March  20th,  1866.— "On  a  New  Balance,"  by  Dr.  J.  P.  Joule, 
F.RS.,  &C. 

"Notes  on  Cotton    Spinning    Machinery,    Part    XL,   Roving 
Frames,"  by  Mr.  J.  C.  Dyer,  V.P. 

March  2Qth,  1866.— "On  Embryonic  Shells  of  Mollusca^  col- 
lected fix)m  Dogs  Bay  Sand,"  by  Dr.  Thomas  Alcock. 

March  2dth,  1866.— "  Results  of  Rain-gauge  and  Anemometer 
Observations  made  diiring  the  year  1865,  at  St  Martin's  Par- 
•  sonage,  Castleton  Moor,"  by  the  Rev.  J.  C.  Bates,  MA.,  F.R.A.S. 
Communicated  by  Mr.  J.  Baxendell,  F.R.A.S. 

"On  the  Eclipse  of  the  Sun,  October  8th,  1866;  and  on  the 
Occultations  of  Aldebaran  by  the  Moon,  September  28th,  and 
November  22nd,  1866,"  by  Mr.  W.  L.  Dickinson. 

"  On  a  Method  of  Imitating  the  Appearances  of  Sim  Spots,"  by 
Mr.  A.  Brothers,  F.RA.S. 

April  Zrd,  1866.— "On  the  Humming-bird  Hawk-moth,"  by 
Mr.  R  W.  Binney,  F.RS.,  &o. 

"  On  a  Logical  Abacus,"  by  Mr.  W.  S.  Jevons,  M.  A. 

The  Council  desire  to  express  their  sense  of  the  value  of 
the  services  rendered  to  the  Society  by  the  Honorary  Libra- 
rian, Thomas  Windsor,  Esq.,  M.R.C.S.,  in  arranging  the 
Society's  library,  and  making  out  and  printing  a  catalogue  of 
the  books ;  and  they  regret  that  he  is  unable  to  continue  his 
services.  At  bis  request  Mr.  Charles  Bailey  has,  for  some 
mouths  past,  ably  discharged  the  duties  of  I^ibrarian. 

The  Committee  appointed  to  discuss  the  question  of  the 
medal  have  agreed  upon  certain  resolutions  concerning  the 
mode  of  award  of  the  Society's  medal ;  but  no  award  has  yet 
been  made. 

The  Librarian  reports  that  since  the  last  annual  meeting 
a  catalogue  of  the  books  in  the  library  has  been  printed,  and 
that  arrangements  are  in  progress  for  printing  a  supplement- 
ary catalogue  of  the  books  received  since  that  time.     Vol.  2, 
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series  8,  of  the  Society's  Memoirs,  and  vols.  3  and  4  of  the 
Proceedings,  have  been  bound,  and  are  now  being  forwarded 
to  the  Societies  and  Institutions  with  which  this  Society 
exchanges  publications.  Many  volumes  have  been  bound 
during  the  year,  and  several  purchases  of  books  to  complete 
sets  have  been  made.  The  general  condition  of  the  books  is 
satisfactory. 

On  the  motion  of  Mr.  Trapp,  seconded  by  Mr.  B.  St.  J.  B. 
JouLB,  the  Annual  Report  was  unanimously  adopted. 

The  following  gentlemen  were  elected  officers  of  the  So- 
ciety for  the  ensuing  year :  — 

SDWASD  SOHUNOK,  Ph.D.,  F.B.S.,  P.O.S. 

EOBEBT  AJ^aUS  SMITH,  PhJ).,  F.B.S.,  F.O.S.,  Ac. 
JAMBS  PBESOOTT  JOITLE,  LL.D.,  F.B.S.,  Ac. 
EDWAED  WILLIAM  BINNBY,  F.RJS.,  F.G.S. 
JOSEPH  OHBSBOBOUaH  DYBE. 

HENBY  ENFIELD  HOSOOE,  BjI.,  Pa.IX,  FJLS.,  P.O.S. 
JOSEPH  BAXEia)ELL,  F.BjLS. 

BOBEBT  WOBTHmOTON,  F.BXS. 
OHABLES  BAILEY. 

9t]sfx  Pmbieni  sd  t\it  Aomuil 

BSy.  WILLIAM  OASEELL,  M.A. 

PETEB  SPBNCE,  F.O.S.,  M.S.A. 

GBOBOE  VENABLES  VEBJTON,  P,BjtS.,  M3J£.S. 

JOSEPH  SIDEBOTHAM. 

JOHN  BENJAMm  DANOEB,  P.BjL.S. 

MUBBAY  aiiADSTONE,  FJLA43. 
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A  paper  was  read  '^  On  the  Casting,  Ghinding,  and  Polish- 
ing of  Specula  for  Reflecting  Telescopes,  Part  I/'  by  James 
Nasmyth,  C.E.,  Corresponding  Member  of  the  Society. 

In  this,  the  first  part  of  his  paper,  the  author  describes  in 
considerable  detail  the  methods  and  processes  by  which  he 
produces  speculum  metal  of  the  best  quality,  and  casts, 
anneals,  and  rough-grinds  a  speculum  of  ten  inches  in 
diameter,  his  descriptions  being  illustrated  by  drawings  of 
the  apparatus  he  employs.  In  the  second  part  of  the  paper 
he  will  describe  the  processes  of  fine-grinding^  polishing,  and 
figuring;  and  will  give  directions  for  the  general  manage- 
ment and  use  of  reflecting  telescopes.  His  instructions  are 
based  upon  the  results  of  thirty  years^  experience  in  the  art 
of  working  specula,  and  will,  he  believes,  enable  any  zealous 
amateur  to  make  for  himself,  at  a  moderate  cost,  a  really 
good  and  useful  reflector. 


PHOTOaBAPHIOAL     SECTION. 
April  12th,  1866. 

Dr.  J.  P.  JouLB,  F.R.S.,  &c.,  Vice-Presideut  of  the  Section, 
in  the  Chair. 

A  paper  was  read  entitled  ^^Note  on  the  First  Use  of 
Hyposulphite  of  Soda  in  Photography,'^  by  A.  Brothbrs, 
f  •xC.A.S* 
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Daring  an  investigation  into  the  early  history  of  photo- 
graphy,   I  met  with  the  statement    that  Daguerre   used 
hyposulphite  of  soda  in  his  process  for  fixing  the  pictures, 
and  also  that  in  Mr.  Talbot's  patent  the  use  of  that  substance 
was  included.     I  was  under  the  impression  that  Sir  John 
'  Herschel  had'  pointed  out  that  hyposulphite  of  soda  would 
fix  the  photc^aphic  image,  but  was   unable  to  ascertain 
where  or  when  the  discovery  was  first  published.     In  order 
to  determine  this  point  I   wrote  to   Sir  John   Herschel, 
requesting  him  to  inform  me  whether  the  discovery  was  his, 
and  the  date  when  it  was  published.    To  these  questions  I 
received  the  following  reply :  — 

ColiDgwood,  October  29, 1864 

Sir, 

I  thii^  1  may  veiy  fisdrly  claim  the  discovery  of  the 
hyposulphites  as  fixing  agents,  as  1  believe  I  was  the  first  to  call 
the  attention  of  chemists  to  that  class  of  salts  and  their  peculiar 
habitudes,  especially  in  relation  to  the  insoluble  salts  of  sQver. 

In  my  paper  ^'On  the  Hyposulphurous  Acid  and  its  Com- 
poimds,"  which  bears  date  Jan.  8,  1819,  and  which  appeared  in 
Brewster  and  Jamieson's  Edvnb.  PhiL  Journal^  1819,  occur  these 
words:  — 

*'  One  of  the  most  singular  characters  of  the  hjrposulphites  is 
the  property  their  solutions  possess  of  dissolving  muriate  of  silver 
and  retaining  it  in  considerable  quantities  in  permanent  solution." 
(page  11.) 

^*  Hypomlphdie  of  patcuL — It  dissolves  muriate  of  silver  even 
when  very  dilute,  with  great  readiness."  (p.  19.) 

'*  HypomlpkUe  of  soda. Muriate  of  silver  newly  precipi- 
tated dissolves  in  this  salt  when  in  a  somewhat  concentrated 
solution  in  large  quantity  and  almost  as  readily  as  sugar  in  water." 
(p.  19.) 

^^EypomlpkUe  ofstrontia, like  the  rest  of  the  hypo- 
sulphites it  readily  dissolves  muriate  of  silver,  and  alcohol  preci- 
pitates it  as  a  sweet  ayrup."  (p.  21.) 


183 

'  HypowlphiU  of  9iUfer. — Muriate  of  silver  newly  precipitated 
\a.  soluble  in  all  liquid  hyposulphites,  and,  as  before  observed,  in 
that  of  soda  with  great  ease  and  in  laige  quantities*  This  solution 
is  not  accomplished,  without  mutual  decomposition,  as  its  intense 
sweetness  provesr-a  sweetness  surpassing  that  of  honey,  and  dif- 
fusing itself  over  the  whole  mouth  and  &.uce8,  without  any 
disagreeable  or  metallic  flavour.''  (p.  27.) 

In  a  second  paper  on  the  same  subject,  which  appeared  in  the 
same  journal,  vol.  1,  p.  396  e^  <6$.,  it  is  shown  {inter  alia)  that  the 
affinity  of  this  acid  for  silver  is  such  that  oxide  of  silver  readily 
decomposes  hyposulphite  of  soda  and  likewise  the  soda  in  a  caustic 
state,  "  the  only  instance,  I  believe,  yet  known  of  the  direct  dis- 
placement of  a  fixed  alkali  vid  humidd  by  a  metaUio  oxide." 
(p.  397.) 

"  Hypoml/pkUe  of  ammonia  and  nher. — Its  sweetness  is  unmixed 
with  any  other  flavour,  and  so  intense  as  to  cause  pain  in  ih» 

throat one  grain  commimicates  a  perceptible  sweetness  to 

30,000  grs.  of  water."  (p.  399.) 

In  a  third  communication,  dated  November,  1819—"  The  habi- 
tudes of  this  acid  with  the  oxide  of  mercury  are  not  less  singular 
than  its  relation  to  that  of  silver." — "  The  red  oxide  is  readily 
dissolved  by  ....  ,  hyposulphite  of  soda,  while  the  alkali  is  set  at 
liberty  in  a  caustic  state,"  <fec.  <&c. 

The  very  remarkable  facts  above  described  I  have  reason  to 
believe  attracted  a  good  deal  of  attention  at  the  time,  and  thence- 
forward the  ready  solubility  of  silver  salts,  usually  regarded  as 
insoluble,  by  the  hyposulphites  was  familiar  to  every  chemist 
It  would  not  therefore  be  surprising  if  Daguerre  tried  it  to  ^ 
his  plates  (i,e.  to  wash  ofif  the  iodide  coating);  but  I  have  been 
informed,  though  I  cannot  cite  a  printed  auUxority  for  it,  that  at 
first  he  fixed  with  ammonia,  or  with  a  strong  solution  of  common 
salt 

For  my  own  part  the  use  of  the  hyposulphites  was  to  myself  the 
readiest  and  most  obvious  means  of  procedure,  and  presented  itself 
at  once.  My  earliest  experiments  were  made  in  January,  1839, 
and  in  my  notebook  I  find :  — 

<<£zp.  1012.— 1839,  Jan.  29.    Experimdnto  tned  within  the 
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last  few  days,  since  hearing  of  Daguerre's  secret^  and  also  that  Fox 

Talbot  has  got  something  of  the  same  kind." [Here  follow 

some  trials  of  the  relative  sensitiveness  of  the  nitrate,  carbonate, 
acetate^  and  muriate  of  silver.  I  should  observe  that  at  that  time 
I  did  not  even  know  what  kind  of  pictures  Daguerre  had  pro- 
duced.    This  process  was  not  revealed  till  August,  1839.] 

**Exp.  1013. — Daguerre's  process — attempt  to  imitate.  Requi- 
sites— 1st  very  susceptible  paper — 2nd  very  perfect  camera — 3rd 
means  of  arresting  further  action.  Tried  hyposulphite  of  soda  to 
arrest  the  action  of  light  by  washing  away  all  the  chloride  of  silver 
or  other  silvering  salt — succeeds  perfectly.  Papers  half  acted  on, 
half  guarded  from  the  light  by  covering  with  pasteboard,  were 
withdrawn  from  sunshine,  sponged  over  with  hyposulphite,  then 
waahed  in  pure  water,  dried,  and  again  exposed.  The  darkened 
half  remained  daik,  the  white  half  white,  after  any  exposure,  as  if 
they  had  been  painted  with  sepia." 

*' Jan.  30,  1839. — Formed  image  of  telescope  with  the  aplanatic 
lens  ....  and  placed  in  focus  paper  with  carbonate  of  silver.  An 
image  was  formed  in  white  on  a  sepia  colored  ground  ....  which 
bore  washing  with  hyposulphite  of  soda,  and  was  then  no  longer 
alterable  by  light.  Thus  Daguerre's  problem  is  so  far  solved," 
dca  4fec. 

"  Exp.  1014. — Jan.  30.  Tfied  transfer  of  print  and  copper 
plate  engraved  letters,"  ^.  <fec. 

The  publication  of  Daguerre's  process  (according  to  Dr.  Monck^ 
hoven,  for  I  cannot  refer  at  present  to  the  original  document) 
took  place  on  the  19th  August,  1839.  My  early  experiments 
printed  in  the  notices  of  the  proceedings  of  the  Royd  Society  of 
March  14,  1839,  in  which  occun>  this  passage  in  the  abstract  of  a 
paper  read  to  the  Society  :  — 

*^  Confining  his  attention  in  the  present  notice  to  the  employ- 
ment of  chloride  of  silver,  the  author  enquires  into  the  method  by 
which  the  blackened  traces  can  be  preserved,  which  may  be 
effected,  he  observes,  by  the  application  of  any  liquid  capable  of 
dissolving  and  washing  off  the  unchanged  chloride,  but  leaving 
the  reduced  oxide  of  silver  untouched.  These  conditions  are  best 
fuifiUed  by  the  liquid  hyposulphites." 
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<'  Twenty-three  specimens  of  photographs  made  by  Sir  J.  Her- 
sohel  accompany  his  paper— one  a  sketch  of  his  telescope  at 
Slough,  fixed  from  its  image  in  a  lens.'' 

This  is  the  image  above  mentioned  as  having  been  taken  on 
Jan.  30,  1839 — and  was,  I  believe,  the  first  picture  ever  fixed 
from  an  optical  image  ever  taken  in  this  oountiy — at  least  I  have 
heard  of  none  earlier. 

At  the  time  of  making  these  experiments,  as  already  mentioned, 
I  had  no  knowledge  of  M.  Daguerre's  process  further  than  the 
mention  of  the  existence  of  a  process  (a  secret  one)  in  a  note 
from  Admiral  (then  Captain)  Beaiifort  some  time  about  Jan.  23, 
1839.  Of  course  I  used  paper,  ^  not  silver — ^and  it  was  not  a 
suggestion,  but  a  regular  and  uniform  pracHce  to  use  the  hypo- 
sulphite—I never  used  anything  else. 

I  am,  Sir,  your  obt.  servt, 

J.  F.  W.  HERSCHEU 

In  reference  to  the  subject  of  Jixing  the  photographic 
image  I  find  the  following  passage  in  a  paper  read  before  the 
Royal  Society  on  January  31,  1839,  by  Mr.  Talbot.  After 
referring  to  the  improvements  of  Wedgwood  and  Davy  in 
1802,  and  the  difficulties  they  found  in  making  the  paper 
sufficiently  sensible  to  receive  the  impression  in  a  camera 
obscura,  and  their  inability  to  Jix  the  pictures^  the  author 
states  that  *'  his  experiments  were  begun  without  his  being 
aware  of  this  prior  attempt ;  and  that  in  the  course  of  them 
he  discovered  methods  of  overcoming  the  two  difficulties 
above  related.  With  respect  to  the  latter  he  says  that  he 
has  found  it  possible  by  a  subsequent  process  so  to  fix  the 
images  or  shadows  formed  by  the  solar  rays  that  they  become 

insensible  to  light and  states  that  he  has  exposed 

some  of  his  pictures  to  the  sunshine  for  the  space  of  an  hour 
without  injury." 

In  the  abstract  of  the  paper  given  in  the  Proceedings  the 
method  adopted  for  fixing  the  image  is  not  stated;  but  in  a 
paper  read  before  the  same  Society  on  February  21  of  the 
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same  year^  it  is  stated  that  the  prints  were  fixed  in  a  weak 
solution  of  wdide  of  poiasiium.  Ammonia  bad  been  tried, 
but  not  very  successfully^  but  tbe  method  preferred  was  a 
strong  sdbtion  of  common  salt.  It  will  be  seen^  therefore, 
that  up  to  the  date  of  the  publication  of  Sir  John  Herschers 
paper  hyposulphite  of  soda  had  not  been  used  in  photography 
excepting  by  himself. 
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PHYSICAL  AND  MATHEMATICAL  SECTION. 


April  26th,  1866. 


E.  W.  BiNNBY,  F.R.S.,  F.G.S.,  President  of  the  Section,  in 

the  Chair. 

A  paper  entitled  ^^  Results  of  a  Comparison  of  the  Magni- 
tudes of  the  Bedford  Catalogue  with  those  of  the  Mensurae 
Micrometricae  and  the  Bonner  Sternverzeichniss,"  by  Georgb 
Knott,  Esq.,  F.R.A.S.,  was  communicated  by  Mr.  Baxen- 

DBLL. 

The  question  of  the  relation  between  the  magnitude  scales 
of  different  observers  is  one  of  considerable  interest  and  im- 
portance, and  has  engaged  the  attention  of  several  able 
astronomers.  It  is  not  my  intention  in  this  paper  to  go  into 
the  subject  generally,  but  simply  to  submit  the  results  of  a 
comparison  of  the  magnitudes  of  the  late  Admiral  Smyth's 
Bedford  Catalogue  with  those  assigned  to  the  same  stars  by 
the  late  Prof.  Struve  in  the  Mensurce  MicrometriccB,  and  by 
Dr.  Argelander  in  the  Bonner  Stemverzeichniss.  I  may 
remark  that  I  was  induced  to  undertake  the  comparison  by 
the  perusal  of  an  interesting  paper  by  Mr.  Pogson,  the  pre- 
sent Director  of  the  Royal  Observatory  at  Madras,  in  vol.  xvii. 
of  the  Monthly  Notices  of  the  Royal  Astronomical  Society, 
in  which  he  has  given  a  short  table  of  corresponding  magni- 
tudes of  Struve,  Bond,  Herschel,  and  Smyth,  as  referred  to 
Pboobidincmi— Lit.  &  Phil.  Sooibtt.— Tol.  V.— No.  16— Session  1866-6. 


188 


what  he  terms  the  standard  scale^  or  Argelander's  extended 
to  the  lower  magnitudes  by  the  adopted  light-ratio  of  2*512. 
The  comparison  was  facilitated  by  the  simplicity  of  the  nota- 
tion in  the  Bedford  Catalogue  (whole  and  half  magnitudes 
only  being  employed),  and  in  the  annexed  table  will  be  found 
the  corresponding  magnitudes  of  the  three  observers,  tc^ether 
with  the  number  of  comparisons  on  which  each  result 
depends. 

Table  I. 


Mag. 

Mag. 

No.  of 

Mag. 

No.  of 

Sm. 

S. 

Obs. 

A. 

Obs. 

1 

1-3 

5 

1-3 

7 

1-6 

1-6 

1 

1-4 

3 

2 

20 

3 

21 

13 

2-6 

2-6 

2 

2-3 

12 

3 

2-9 

12 

3-0 

36 

3-5 

3-3 

14 

3-4 

22 

4 

3-8 

27 

3-9 

28 

4-6 

4-3 

19 

4-4 

16 

6 

4-8 

40 

4-9 

35 

6-6 

51 

41 

6-3 

33 

6 

6-8 

87 

6-9 

59 

6-5 

6-2 

45 

6-3 

27 

7 

6-5 

81 

6-9 

37 

7-5 

6-9 

79 

7-3 

23 

8 

7-4 

101 

81 

47 

8-6 

7-8 

85 

8-5 

20 

9 

8-4 

75 

9-0 

34 

9-6 

8-8 

21 

9-2 

6 

10 

9-4 

25 

9-4 

6 

10-6 

9-7 

5 

11 

10-0 

24 

12 

10-2 

13 

13 

10-7 

20 

14 

10-3 

6 

15 

11-0 

8 

16 

10-9 

3 

Treating  the  numbers  in  the  preceding  table  in  accordance 
with  Sir  John  Herschel's  formula  (Mem.  B.A.S.,  vol.  iii., 
p.  179), 
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„      ( m,ni     mn     mW  )  S 

where  Si  S  S*  represent  any  three  consecutive  numbers  in 
column  lyfrii  mtrf"  the  corresponding  numbers  in  columns 
2  or  4,  and  ninn^  the  corresponding  number  of  observations 
in  each  case,  we  obtain  the  following  table  of  equalised 
results. 

Table  II. 


Mag. 

Mag. 

No.  of 

Mag. 

No.  of 

Sm. 

2L 

Oba. 

A. 

Obs. 

1 

1-30 

5 

1-30 

7 

1-5 

1-76 

9 

1-67 

23 

2 

203 

6 

1-96 

28 

2-5 

2-45 

17 

2-49 

•  61 

3 

2-89 

28 

2-94 

70 

3-5 

3-33 

53 

3-44 

86 

4 

3-79 

60 

3-98 

66 

4-6 

4-29 

86 

4-40 

79 

6 

4-73 

100 

4-87 

84 

5-5   1 

6-25 

168 

6-38 

127 

6 

6-72 

i73 

5-85 

119 

6-5 

6-27 

213 

6-37 

123 

7 

6-52 

205 

6-84 

87 

7-5   ! 

6-94 

261 

7-48 

107 

8    1 

7-39 

265 

8-00 

90 

8-5   i 

7-86 

261 

8-55 

101 

9 

8-33 

181 

8-97 

60 

9-6 

8-86 

121 

9-39 

46 

10    ! 

9-33 

51 

9-40 

6 

10-5 

9-74 

54 

11 

10-00 

42 

12 

10-39 

57 

13 

10-66 

39 

14 

10-85 

34 

15 

10-88 

17 

16 

10-90 

3   i 

An  examination  of  the  tables  suggests  the  following  re- 
marks. The  scale  of  the  Bedford  Catalogue — (it  should  be 
borne  in  mind  that  the  mag.  of  the  principal  star  in  each 


fei.  ••:^. 
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case  was  adopted  from  Piazzi) — and  that  of  the  Bonner 
Stemverzeichmss  may  be  regarded  as  practically  identical 
down  to  the  9th  magnitude.*  Assuming  with  Mr.  Pogson 
that  the  13th  mag.  of  Argelander's  scale  corresponds  with 
the  16th  mag.  of  that  of  Admiral  Smyth,  we  may  tabulate 
the  mags,  below  the  9th  thus :  — 


Mag.  Sm. 

Mag.  A. 

10 

9-6 

11 

101 

12 

10-7 

13 

11-3 

14 

11-9 

15 

12-4 

16 

130 

I  have  not  been  able  fully  to  verify  these  results ;  but  the 
examination  of  eight  stars  marked  by  Sm.  as  of  the  13th 
mag.  on  three  different  occasions  gave  11*2  mag.  as  the  cor- 
responding mean  mag.  on  Argelander's  scale,  presenting  a 
satisfactory  accordance  with  the  tabulated  magnitude. 

The  coincidence  between  the  scale  of  the  Bedford  Cata- 
logue and  that  of  the  Mensurce  Micrometricce  ceases  practi- 
cally with  the  naked  eye  magnitudes.  At  the  6th  mag.  the 
scales  diverge,  and  the  1 1th  mag.  of  the  one  corresponds  with 
the  10th  mag.  of  the  other.  It  will  be  observed  that  the  five 
magnitudes  of  Admiral  Smyth's  scale  below  the  11th  are 
represented  by  only  one  magnitude  in  the  scale  of  Professor 
Struve. 

In  conclusion  I  may  just  notice  that  by  a  slight  oversight 
Mr.  Pogson  has,  in  the  table  to  which  I  have  already  referred, 
assumed  the  12th  mag.  of  Struve's  scale  as  the  limit  of  vision 
for  the  Poulkowa  refractor  of  14*98  inches  aperture ;  that 
mag.  was  however  assigned  by  Prof.  Struve  as  the  limit  for 

*  Mr.  Pogeou  has  assmned  the  8th  mag.  as  the  point  of  diyergence  of  the 
two  scales. 
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the  Dorpat  telescope  of  9*6  inches  aperture,  the  calculated 
limit  for  the  larger  telescope,  as  given  in  the  Poulkowa  Cata- 
logue of  1843,  being  12-89  mag. 

Mr.  Baxendbll  drew  attention  to  Sir  John  Herschel's 
"  scarlet,  almost  blood-coloured  star,"  immediately  following 
a  Crateris,  and  stated  that,  from  observations  made  during 
the  spring  of  last  year,  and  again  during  the  present  month, 
he  had  found  that  this  remarkable  object  belongs  to  the  list 
of  variable  stars.  Its  present  brightness  is  fiiUy  three-fourths 
of  a  magnitude  less  than  that  observed  last  spring ;  but  this 
probably  does  not  represent  the  extreme  range  of  variation  to 
which  it  is  subject.  In  conformity  with  Prof.  Argelander's 
system  of  nomenclature  this  new  variable  will  be  designated 
R  Crateris.  Its  mean  place  for  1865-0  is  E.A.  10^-  58"»- 
55-4-:  Dec.  17"  86' S'' S. 
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FHOTOaRAFHIOAL  SEOTIOK. 
Annual  Meeting,  May  15th,  1866. 

J,  ?•  JouiiB,  LL.D.,  F.R.S.,  &c.,  in  the  Chair. 

A  note,  by  Mr.  J.  W.  Dancbb,  on  the  use  of  Lager  Beer 
in  Photography,  was  read  by  the  Secretary. 

The  Annual  Report  and  Treasurer's  Account  were  sub- 
mitted to  the  meeting  and  unanimously  passed;  and  the 
following  Officers  were  elected  for  the  ensuing  year : — 

^reBiXrtnt. 

THB  BIGHT  BBYEBBNI)  THE  LOBD  BISHOP  OF 

MANCHESTEB. 

J.  P.  JOULE,  LL.D.,  P.B.S.,  Ac. 
H.  B.  BOSCOE,  PhJ).,  E.B.S.,  Ac. 
JOSEPH  BAXENDELL,  P.B.A.S. 

SeactBn^. 
ALFBEP  BBOTHEBS,  F.B^S. 

THOMAS  H.  NEYILL. 

JOHK  B.  DANOEB,  FJLA.S. 
B.  O.  BUXTON. 
JOHN  BOaEBSON. 
JOSEPH  SIDEBOTHAM. 
SAMUEL  COTTAM. 
LESLIE  J.  MONTEFIOBE. 
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MICEOSCX)PICAL  AND  NATURAL  mSTOBY  SECTIONS. 

Annual  Meeting,  June  4th,  1866. 

A.  G.  Latham,  Esq.,  President  of  the  Section,  in  the 
Chair. 

The  Annual  Report  of  the  Council  was  read  and  unani- 
mously adopted. 

The  following  Gentlemen  were  elected  Officers  of  the 
Section  for  the  ensuing  year : — 

ABTHUB  a.  LATHAM. 

JOSEPH  SIDEBOTHAM. 
•  JOHN  B.  DANOEB,  F.B.AJ3. 
WILLIAM  HBNBY  HBYS. 

^resBiutr. 
THOMAS  H.  NBVILL. 

SUtxttBtit%» 
HENBY  ALEXANDEB  HUBST. 
THOMAS  ALOOCK,  M.D. 

JOSEPH  BAXENDELL,  F.B.AS. 
PBOP.  W.  0.  WILLIAMSON,  PJLS.,  Ac. 
JOHN  WATSON. 
THOMAS  OOWABD. 
B.  D.  DABBISHIBB,  F.a^. 
BOBEBT  WOBTHINGTON,  F.BJU3. 
JOHN  LEiaH. 
SAMUEL  OOTTAM. 

The  President  exhibited  two  beetles,  male  and  female, 
nearly  allied  to  Bhynchophorus  Palmarum ;  also  specimens 
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of  the  very  carious  case  formed  by  the  larva  from  vegetable 
fibres,  in  which  the  change  to  the  perfect  insect  takes  place* 
He  said  that  "  both  the  larva  and  the  insect  itself  are  con- 
sidered great  delicacies  by  the  Indians  of  South  America, 
where  it  is  found.  The  gizzard  of  the  beetle,  shown  with 
the  microscope  and  illustrated  by  a  drawing,  is  divided  into 
eight  oval  sections  each  surrounded  by  a  strong  rib  strength- 
ened by  a  central  longitudinal  rib,  which  is  connected  with 
the  margin  by  powerM  muscles,  and  from  the  marginal  rib 
projects  a  fringe  of  scimitar-shaped  cilia,  the  whole  forming 
a  most  beautiful  and  powerful  apparatus  for  the  preparation 
of  the  food  for  digestion.  A  large  number  of  parasites  exist 
on  the  insect,  and  these  are  found  congregated  in  groups  of 
four  or  five  with  their  tails  entwined."  Specimens  and  a 
drawing  were  shown. 
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EBBATA. 
Page  134,  line  22,  for  6  and  Qi  in  the  equation,  read  tan  d  and 

tan  6i. 
Page  136,  line  9,  for  generally  read  supposed  to  be. 


PROCEEDINGS 

OF 

TEE  LITERABY  ANP  PHILOgOPHICAi 
SOCIETY. 


Ordinary  Meetings  October  2nd,  1866. 

IbwARB  SenxmcK,  Ph.D.,  P.B.S.,  &c..  President,  in  tfee 

Chair. 

Among  the  donations  annoimoed  wa9  pne  fronx  Mr.  Cotti^ia> 
of  a  framed  Memorial,  presented  by  the  Society  to  Pr.  I>altQp 
in  1844,  on  the  occasion  of  hi^  como^unicating  to  them  this 
50th  annual  result  of  his  meteorological  obseTTatlons.  In  a 
letter  accompanying  the  manorial,  dated  the  5th  Sep^^raJ^i^i^ 
1866,  Mr.  Cottam  ^ays :  ^^  At  the  Doctor's  death  it  r^mw^ 
in  the  hands  of  our  old  friend,  Peter  Glare,  at  whose  sale  if 
was  purchased  by  my  late  father,  and  has  si^i^e  liung  up  in 
my  office  as  a  fine  specimen  of  caligrapby.  I  thin^  the 
Society's  rooms  will  be  the  most  suitable  place  &r  it,  ^xyi 
that  the  centenary  ^niversary  of  the  Dpctoir's  birth  is  a 
suitable  occasion  for  its  presentfition.'* 

On  the  motion  of  Mr.  Binnbt,  seconded  by  Mr.  QASViVJ^t, 
the  thanks  of  the  Society  were  unai^pioi^sjiy  ypted  to  tfy. 
Cottam  for  his  interesting  donation. 

A  paper  was  read  "  On  the  Portraits  of  Sir  Isa^c  Newjtou; 
and  particularly  on  one  of  him  by  Kneller,  painted  about  the 
time  of  the  publication  of  the  Princtpia,  and  representing 
him  as  he  was  in  the  prime  of  life,"  by  Samuel  Cromptok, 
M.D. 

The  writer  pointed  out  that  all  Newton's  great  discoveries 
were  made  prior  to  1688,  and  directed  attention  to  the  fol- 
lowing dates :    That  he  was  born  in  1642,  died  in  1727,  and 
Fboouddicw— Lit.  k  Phil.  Soohtt.— Vol.  TL— Ko.  1—  Smnoir  1866*7. 


that  he  discovered  Fluxions  in  1665-6^  the  Unequal  Befran- 
gibility  of  Light  in  1666,  the  Reflecting  Telescope  in  1668, 
and  published  the  Principia  in  1687;  and  that  with  that 
publication,  which  Whewell  has  designated  ^^The  Grreat 
Charter  of  Modem  Science/'  his  career,  as  an  original  dis- 
coverer, appears  to  have  terminated.  He  quoted  passages 
from  Mr.  Edleston's  Correspondence  of  Newton  and  Cotes, 
and  from  Sir  David  Brewster*s  larger  Life  of  Newton,  to  show 
that  his  appointment  to  the  Mint,  in  a  great  measure,  stopped 
further  researches.  '^  Henceforward,''  says  Mr.  Edleston, 
*'his  official  duties  rendered  it  impossible  for  him  to  work 
continuously  at  his  former  pursuits;  and  his  studies  in 
mathematics  and  natural  philosophy  were  by  snatches,  and 
in  the  intervals  of  business.**  *'  His  duties  at  the  Mint,** 
says  Sir  David,  **  allowed  him  but  little  time  for  the  perform- 
ance of  so  laborious  a  task  as  the  publication  of  a  second 
edition  of  the  Principia,  and  when  his  consent  was  at  last 
obtained  to  put  the  work  to  the  press,  they  greatly  interrupted 
its  progress  ?  '*  Again,  in  one  of  his  letters  to  Flamstead,  he 
says  that  he  did  not  like  to  be  known  to  be  attending  to  any- 
thing but  the  King's  business,  meaning  the  duties  of  the 
Mint.  Therefore,  after  the  publication  of  the  Principia^  he 
may  be  practically  regarded  as  a  retired  philosopher. 

The  writer  then  attempted  to  show  that  the  current  por- 
traits of  Newton  do  not  give  us  any  correct  representation  of 
Newton,  the  philosopher.  He  exhibited  various  engravings 
of  Newton.  He  pointed  out  that  Vertue's  print,  after  Van- 
derbank,  is  inscribed  ^^  Isaacus  Newtonus  Eq.  Aur.  set.  83. 
J.  Yanderbank  pinxit  1725,  Geo.  Vertue  sculpsit  1726;" 
and,  therefore,  that  the  date  of  that  celebrated  picture,  in 
possession  of  the  Boyal  Society,  represents  him  in  extreme 
old  age.  This  picture,  therefore,  he  contended,  was  not  a 
portrait  of  the  great  Newton,  but  of  Newton  the  Master  of 
the  Mint,  who  assayed  Wood's  halfpence ;  and  that  it  could 
not,  for  oue  moment,   be  accepted  as   a  representation  of 


Newton  in  the  plenitude  of  his  intellectual  power,  of  whom 
Halley  sang  in  1687 : — 

Newtonum  clausi  reserantem  scnnia  veri^ 
Newtonum  Musis  cbarum,  oui  peotore  puro 
Phoebus  adest,  totoque  incessit  nomine  mentem, 
Neo  fas  est  propius  mortah  attingere  divos. 

Nor  was  it  the  portrait  of  him  as  he  was  when  he  published 
the  second  edition  of  his  Principia,  but  a  representation  of 
him  as  a  grand  and  venerable  ruin  covered  with  the  lichens 
of  time. 

But  this  picture  of  Yanderbank's^  the  writer  greatly  pre- 
ferred to  the  Houbraken  and  other  prints  published  about 
1710  or  1712 ;  and  he  contended  that  the  portrait  published^ 
as  the  best  extant  one,  by  Sir  David  Brewster,  as  a  frontis- 
piece to  his  larger  Life  of  Newton,  by  no  means  gives  a 
desirable  representation  of  Newton  the  philosopher.  It  was 
rather  an  affected  representation  of  Newton  the  dandy,  and 
of  Newton  the  prosperous  man  of  the  world,  with  a  carriage 
and  horses,  and  with  three  male  and  three  female  servants* 
The  writer  looked  upon  these  prints  with  pity ;  and  could 
not,  for  one  moment,  allow  that  any  one  of  them  represented 
that  Isaac  Newton,  the  yeoman's  son,  while  at  work  in 
the  wells  of  truth,  and  wresting  from  nature  secrets  hidden 
from  the  foundation  of  the  world.  In  order  to  form  some  idea 
of  the  immortal  Newton,  as  distinguished  from  Queen  Anne's 
Newton,  he  asked  us  to  consider  attentively  the  letter  written 
by  Newton's  former  assistant,  Humphrey  Newton,  to  Mr. 
Conduit,  in  17S7,  descriptive  of  Isaac's  manner  of  life  and 
appearance  between  1684  and  the  beginning  of  1689. 

*'  In  the  last  year  of  King  Charles  II.,  Sir  Isaac  was 
pleased,  through  the  mediation  of  Mr.  Walker,  then  school- 
master at  Grantham,  to  send  for  me  up  to  Cambridge,  of 
whom  I  had  the  opportunity,  as  well  as  honour,  to  wait  of 
for  about  five  years.  In  such  time  he  wrote  his  Principia 
Mathematical  which  stupendous  work,  by  his  order,  I  copied 


out  before  it  went  to  the  press.  .  •  •  •  .  His  carriage,  then^ 
was  very  meek,  sedate,  and  humble,  never  seemingly  angry, 
of  profound  thought,  his  countenance  mild,  pleasant  and 
comely.  I  cannot  say  t  ever  saw  him  laugli  l)ut  once  which 
was  at  that  passage  which  !Dr.  Stukeley  mentioned  in  his 
letter  to  your  honour*,  which  put  me  in  mind  of  the  Ephesian 
philosopher  who  laughed  only  once  in  his  life  time,  to  see  an 
ass  eating  thistles  when  plenty  of  grass  was  by.  He  always 
kept  close  to  his  studies,  very  rarely  went  a  visiting,  and  had 

as  few  visitors I  never  knew  him  to  take  any 

recreation  or  pastime  either  in  riding  out  to  take  the  air, 
walking,  bowling,  or  any  other  exercise  whatever,  thinking 
all  hours  lost  that  was  not  spent  in  his  studies,  to  which  he 
kept  so  close  that  he  seldom  left  his  chamber  except  at  term 
time,  when  he  read  in  the  schools  as  being  Lucasian  professor, 
where  so  few  went  to  hear  him,  and  fewer  that  understood  him, 
that  oft  times  he  did  in  a  manner,  for  want  of  hearers,  read 

to  the  Avails So  intent,  so  serious  upon  his  studies, 

that  he  ate  very  sparingly,  nay,  ofttimes  he  has  forgot  to  eat 
at  all,  so  that,  going  into  his  chamber,  I  have  found  lus  mess 
untouched  of  which,  when  I  have  remihded  him,  he  would 
reply, — ^'^Have  I?**  and  then  making  to  the  table,  would  eat  a 
bit  or  two  standing  for  1  cannot  say  I  ever  saw  him  sit  at  table 
by  himself  ....  He  very  rarely  went  to  bed  before  two  or 
three  of  the  clock,  sometimes  not  till  five  or  six,  lying  about 
four  or  five  hours  especially  at  spring  and  fall  of  the  leaf,  at 
which  times  he  used  to  employ  about  six  weeks  in  his  labora* 
tory,  the  fire  scarcely  going  out  either  night  or  day,  he  sitting 
up  one  night  and  t  another  till  he  had  finidhed  his  chemical 
experiments,  in  the  performance  of  which  he  was  moftt 
accurate,  strict,  exact    What  his  aim  might  be,  t  was  not 

•  WKen  Sir  laaao  once  Ittoglied  'twaa  upon  eooMum  of  salang  a  friHid  to 
irliom  he  had  lent  Boolid  to  reftd,  whst  progren  he  hid  made  in  that  aofthor, 
and  how  he  liked  himP  He  answered  bj  desiring  to  know  whai  nae  and 
benefit  in  life  that  stodj  would  be  to  him,  upon  which  8ir  Iiino  wia  T«x7 


able  to  penetrate  into,  but  his  pains^hiB  diligence  at  ibese  mt 
times  made  me  think  he  aimed  at  somethiqg  beyondthe  reach 
of  human  art  and  industry.  I  cannot  say  I  ever  saw  him 
drink  either  wine^  ale,  or  beer,  excepting  at  meals,  and  then 
but  very  sparingly.  He  very  rarely  went  to  dine  in  the  haH, 
except  on  some  public  days,  and  then  if  he  was  ndt  minded, 
would  go  very  carelessly,  with  shoes  down  at  heels^  stoddngs 
untied,  surplice  on,  and  his  head  scarcely  combed.  »  <  4  .  <  . 
When  he  has  sometimes  taken  a  turn  or  two  (in  hia  garden)  hm 
has  made  a  sudden  stand,  turned  himself  iibout^  tun  up  y* 
stairs  like  another  Archimedes,  fall  to  write  on  his  desk 
standing  without  giving  himself  the  leisure  to  draw  a  chair 

to  sit  down  upon His  brick  ftimaoes,  pro  re  natai, 

he  made  imd  altered  himself  without  troubling  a  briek^ 

layer.  • He  very  sdidom  sat  by  thd  fire. • 

He  never  slept  in  the  day  time  that  I  perceived :  I  believe  hs 

grudged  y*  short  time  he  spent  in  eating  and  sleeping 

His  bed  maker  in  a  morning  has  som^tnes  found  both  din^ 
ner  and  supper  scarcely  tasted,  which  the  old  wemaa  has 

very  pleasantly  and  mumpingly  gone  away  ^th.  » 

His  thoughts  were  his  books ;  though  be  had  a  large  study 
seldom  consulted  with  them.  When  he  was  abovt  30  yeattt 
years  of  age  his  grey  hairs  was  very  comely,  and  his  smiling 
countenance  made  him  so  much  the  more  giaeefiil." 

Surely,  Dr.  Crompton  contended,  none  of  the  engraved 
portraits  of  Newton  represents  the  great  Newton  of  those 
years.  The  conceited,  donbIeM)hinned  Kneller^s  of  1710-^, 
give  no  idea  of  him.  Dr«  C«  then  exhibited  an  admirable 
engraving  by  Mr.  Oldham  Barlow,*  of  the  reoendy  recovered 
portrait  of  Newton,  painted  by  KneUer  in  1688,  and  asked 
whether  it  did  not  fulfil  every  required  condition?  Qyee 
capable  of  penetrating  into  the  heart  of  thing8«-4i  brow  that 
could  measure  the  universe — a  face  '^fuU  of  Godlilne  laason** 
and  in  its  intensity  and  force  indicating  a  very  beagle  ef 
•  Of  Yki^nm  Basel.  Snibgtsn*  Iisndon. 
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truth — ^yet  what  simpKcity !  and  how  contemplative !  The 
identical  white  locks  spoken  of  by  Humphrey  Newton,  to 
be  in  a  few  years  shorn  to  make  way  for  the  wig  of  the 
Houbraken  print  I 

Dr,  C.  then  gave  the  history  of  the  portrait  from  whence 
this  engraving  has  been  taken,  and  said  he  identified  it  at  the 
Art  Treasures'  Exhibition,  as  Newton  as  he  was  when  he 
wrote  the  Principia ;  and  pointed  out  at  that  time  that  it  was 
the  only  known  portrait  of  Newton  worthy  of  notice — ^that 
he  obtained,  in  conjunction  with  Dr.  Joule,  Mr.  Fairbaim, 
Dr.  Schunck,  Mr.  Binney,  and  Dr.  Angus  Smith,  leave  from 
its  noble  owner  to  have  it  photographed ;  and  he  exhibited 
a  print  then  taken — that  Mr.  Barlow  happening  to  be  at  his 
house,  saw  an  impression  of  it,  and  expressed  a  wish  to  en- 
grave it — that  Dr.  Crompton  obtained  Lord  Portsmouth's 
permission  for  the  use  of  the  original  picture.  Dr.  C.  then 
read  letters  from  Lord  Portsmouth,  proving  that  the  portrait 
came  into  his  lordship^s  possession  by  the  marriage  of  his 
ancester  Lord  Lymington,  to  the  grand-niece  of  Newton, 
Miss  Conduit,  and  that  it  had  been  in  a  neglected  condition 
and  recently  cleaned  and  lined.  Dr.  C.  added  that  Sir  David 
Brewster  told  him  that  he  went  to  Hurstbourne  Park  to 
examine  Newton's  MSS.  and  portraits,  but  that  he  did  not 
see  it,  yet  it  was  there.  The  picture.  Dr.  C.  added, 
is  in  Kneller's  best  manner,  is  painted  with  great  care,  is 
signed  in  the  left  comer  ^'  Isaacus  Newtonus,''  and  in  the 
right,  **  Godfrey  Kneller  fee.  leSG.**  Dr.  C*  exhibited  an 
engraving  prefixed  to  Dr.  Edleston^s  Correspondence  of 
N0wton  and  Cotes,  which  he  said  was  from  an  India  ink 
drawing  in  Magdalen  College,  Cambridge,  undoubtedly 
closely  allied  to  the  Kneller  picture,  but  greatly  inferior; 
being,  in  Dr.  Crompton's  opinion,  a  bad  copy  by  an  inferior 
hand,  but,  no  doubt,  made  for  Mr.  Pepys,  in  whose  collection 
it  was. 

Dr.  C.  showed  that  Newton  was  in  London  during  the 


greater  part  of  1689,  as  Member  of  the  Convention  Parlia- 
ment, when  it  is  certain  that  this  portrait  was  painted ;  and 
he  added,  that  he  had  not  been  able  to  discover  any  other 
portrait  of  him  painted  earlier  than,  or  about,  this  interesting 
period  of  his  life,  nor  any  other,  till  several  years  later 
(probably  twenty),  when  success  had  greatly  changed  his 
countenance. 


PHOTOGRAPHICAL  SECTION. 
October  4th,  1866. 


Dr.  J.  P.  JouLB,  F.R.S.,  &c.,  Vice-President  of  the  Section, 
in  the  Chair. 

A  paper  was  read  **  On  a  Process  for  Printing  Photogpraphs 
in  Various  Colours,"  by  J.  A.  Gatty,  Esq. 

My  process  is  based  upon  the  property  possessed  by  ferri- 
cyanide  of  potassium,  of  forming  clear  solutions  with  certain 
metallic  salts,  producing  insoluble  compounds  when  the 
mixture  is  brought  into  contact  with  a  deoxidising  agent, 
the  rays  of  the  sun  acting  as  such,  a  perfect  precipitation 
takes  place  upon  paper  or  other  material  prepared  with  the 
above-named  solution.  In  producing  the  specimens  sent 
herewith,  I  applied  to  the  paper  a  concentrated  solution, 
formed  of  equal  parts  of  ferricyanide  of  potassium  and  nitrate 
of  lead,  having  found  the  latter  to  answer  very  well,  not  only 
as  a  means  of  forming  a  precipitate,  but  also  for  assisting  in 
the  production  of  numerous  colours.  After  drying  the  paper, 
it  was  exposed  to  the  sun  for  about  half  an  hour,  and  then 
washed  in  water  in  order  to  dissolve  all  the  unaffected  ferri- 
cyanide of  potassium  and  nitrate  of  lead.  I  have  noticed  that 
the  sun  acts  much  quicker  when  there  is  a  little  moisture 
present.  I  have,  therefore,  placed  a  damp  cloth  between  two 
or  three  thicknesses  of  paper  behind  the  prepared  paper. 
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After  wastiing,  tiie  Fhotogtaphic  image  remains  behind  as  a 
pale  greenish  precipitate,  easily  transfbrmed  into  various 
colours,  as  the  following  experiments  will  show : — 

No.  1.  (Blue.)  Has  been  steeped  in  a  weak  solution  of 
nitrate  of  iron  for  about  ten  minutes,  and  then  washed  in 
water. 

No.  2.  (Ghreen.)  Same  as  No.  1,  but  steeped  in  a  weak 
solution  of  bi-chromate  of  potash  aft^  the  nitrate  of  iron. 

No.  3.  (Reddish  Brown.)  Has  been  steeped  in  a  solution 
of  nitrate  of  copper^  and  then  washed. 

No.  4u  (Brown.)  Has  been  developed  by  steeping  it  in  a 
mixture  of  weak  solution  of  nitrate  of  iron  and  nitrate  of 
copper. 

No.  5.  (Dark  Brown.)  Has  also  been  treated  with  nitrate 
of  iron  and  nitrate  of  copper,  but  containing  a  larger  pro- 
portion, of  the  former. 

These  few  expenrnents  will  show  that  a  very  large  number 
of  shades  may  be  obtained  by  using  different  salts  and  mix- 
tuies  thereof  in  developing  the  Photograph.  A  further  series 
of  colours  may  be  obtained  by  destroying  the  blue  with 
caustic  soda,  which,  after  washing,  will  leave  behind  oxides  of 
iron  and  lead,  which  may  be  dyed  with  vegetable  colouring 
matters* 

All  the  above  experiments  have  been  made  about  four 
years  ago,  which  goes  to  prove  that  the  colours  are  perma- 
nent. I  hope  shortly  to  be  able  to  resume  my  experiments, 
and  work  the  process  out  more  perfectly. 

Mr.  Damobb  remarked  that  he  had  some  prints  (which 
were  shown  to  the  meeting)  produced  by  Mr.  Mercer  in  1856, 
which  appeared  to  be  done  by  a  process  similar  to  the  one 
just  described,  prussiate  of  potash  being  one  of  the  substances 
used,  but  he  was  not  acquainted  with  the  details  of  the  pro- 
cess. 

It*  was  considered  a  useful  process  for  certain  purposes,  and 
deeerved  move  attention  than  it  had  hitherto  received. 


Ordinary  Meeting,  October  16th,  1866, 

Edward  Schunck,  Ph.D.,  F.E.S.,  &c.  President,  in  the 

Chair. 

''On  the  Isomorphism  of  Thallium-perchlorate  with  the 
Potassiam  and  Ammonium-perchlorates,'*  by  Prof.  H.  K 
EosooK,  F.E.S.,  &c. 

The  recently  ascertained  isomorphism  of  the  Thallium-  and 
Ammonium-sulphates*  renders  it  highly  probable  that  the 
perchlorates  of  these  metals  also  exhibit  isomorphous  rela- 
tions. 

Thallium-perchlorate  equals  the  Alkaline-perchlorates  in 
stability.  It  can  be  readily  prepared  either  by  dissolving 
metallic  Thallium  in  aqueous  Perchloric  Acid,  or  by  the 
double  decomposition  of  Thallium-sulphate  and  Barium- 
perchlorate.  From  solution  the  anhydrous  Salt  is  easily 
deposited  in  colourless  rhombic  crystals,  which  are  trans- 
parent, bright,  well-defined,  and  non-deliquescent.  The 
specific  gravity  of  the  crystals  is  4*844  at  15**'6  C;  they  dissolve 
in  10  times  their  weight  of  water  at  16%  and  in  about  f  ths  of 
their  weight  of  water  at  lOO"^ ;  the  salt  is  also  slightly  soluble 
in  alcohol.  Thallium-perchlorate  does  not  lose  weight  when 
heated  to  SOO^  C,  and  the  temperature  may  even  be  raised  to 

•Lang,  PhlL  Mag.,  xxr.  248. 
PBOOEiDnros— Lit.  &  Phil.  Socmty.— -Vol.  VI.— No.  2— Skssion  1866-7. 
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within  a  few  degrees  of  the  boiling  point  of  mercury  without 
producing  the  slightest  decomposition  of  the  salt.  On  the 
further  application  of  heat^  a  black  mass  is  formed,  and  the 
salt  finally  volatilizes  as  Thallium-chloride. 

The  crystalline  form  of  Thallium-perchlorate  is  that  of  a 
right  rhombic  prisni  \ppi)y  in  which  the  fdceA  bf  ite  rhombic 
octohedron  (rri)  and  the  basal  faces  of  the  prism  (c)  generally 
appear ;  the  crystals  being  lengthened,  as  is  the  case  with  the 
Alkali  ne-perchlorates  sometimes  in  the  direction  of  the  pris- 
matic, and  sometimes  in  the  direction  of  the  octohedral  faces. 
A  careful  measurement  of  the  crystals  gave  the  mean  value  of 
102*  60'  for  the  angle  ppi ;  iind  that  of  102°  6'  for  the  angle 
fTi  on  c.     Hence  tlie  relation  of  the  axes  is  0*7978 : 1 :  0*6449. 


The  angles  observed  by  Mitscherlich,*  in  the  case  of  Potas- 
sium- and  Ammonium-perchlorates  agree  exactly  wit^  ttie 
above;  for  the  first  of  these  salts  />pi=103''  M',  rri  on  c= 
lOr  19^;  and  for  the  second  fipi=il03°  Vl',  and  rri  on  c= 
102°  4fy  giving  the  relation  of  ttie  axes  to  *be  (1)  0-7817  : 1  : 
0-6408  and  (2)  0-7926  :  1  :  0-6410.  The  foflowing  analyisis, 
made  in  my  laboratory  by  Mr.  T.  E.  Thorpe,  shows  tlhat  the 
formula  of  the  salt  is  Tl  CI  O4. 

(1)  Determination  of  Thallium.     The  crystals  were  well 

dried  in  vacuo  over  Sulphuric  Acid,  and  precipitated  with 

Platinum-tetra-chloride,   the  passage  of  the  finely  divided 

precipitate  through  the  filter  being  avoided  by  evaporating  to 

•  Pogg.  Aim.  XXV.  (1882),  p.  801. 
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fixjfn^  <)ij  the  water  bath,  and  taking  up  wi^  ajjsolute 
alpoho). 

(a)  Salt  prepared  by  direct  solution  of  the  meta^  in  Per- 
chloric Acijd;  0-1 831  salt  yielded  0*2476  Chloroplatinat^. 

(t))  S^lt  prepared  by  double  decomposition;  0-4$02  i^t 
TP^liei  0*6060  Chloroplatinate. 

(2)  Detemunation  of  Perchloric  Acid.  A  solution  of 
Po(;a»nuin-acetate  was  ^dded  to  the  Thallium-perchlorate, 
an4  the  whole  evapora]ted  tp  dryness  on  a  water-bath,  the 
acetates  of  Thallium  and  Potassium  washed  out  with  absolu|;e 
alcohol,  and  the  insoluble  Potassium-perchlorate  collected  on 
a  weighed  filter;  0*4570  Thallium-perchlorate  yielded  D,*2^00 
Potassium-perchlorate.    Hence : 


OUoulated. 

Found* 

L              n. 

Tl... 

...204'0 

67-21 

67-38  (8)       67-18(b) 

CI... 

...  35'5 

31.09 

0«... 

...  64-0 

11-70 

303-5 

100-00 

} 


m. 


32*96 


"  Catalogue  of  Binary  Stars,  with  introductory  Remarks," 
by  A.  Brothers,  F.R.A.S. 

The  Author  said  that  the  purpose  for  which  he  had  pre- 
pared a  list  of  the  stars  known  to  be  Binary  at  the  time  of  the 
publication  of  Smyth's  "  Gycle^'*  was  to  bring  down  the 
information  as  to  the  positions  and  distances  of  those  stars  to  the 
present  time,  and  for  this  object  he  had  obtained  the  necessary 
information  from  some  of  the  most  eminent  observers.  He 
had  found  much  inconvenience  from  having  to  examine  a 
number  of  catalogues  for  the  information  he  required  for  his 
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own  observations^  and  in  the  list  submitted  he  had  brought 
into  one  view  all  that  the  amateur  would  require  in  prose- 
cuting his  researches  on  the  Binary  Stars. 

Mr.  Beothsbs  said  that  he  thought  it  unadvisable  to 
include  in  the  present  list  any  other  objects  than  those  which 
had  been  observed  by  Smyth,  and  that  he  intended  to  prepare 
another  list,  which  would  include  most  of  the  stars  which 
had  shown  a  sufficiently  large  change  of  angle  of  position 
since  1842,  to  entitle  them  to  a  place  with  the  well  known 
Binary  systems* 

The  Author's  Catalogue  will  shortly  be  published  by  the 
Society. 
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PHTSioAL  a:st>  HATHEMATIOAL  SEOnOK. 

October  11th,  1866. 

Joseph  Baxendell,  F.R.A.S.,  Vice- President  of  the  Section, 
in  the  Chair. 

''Observation  of  the  Eclipse  of  the  Sun,  October  8th, 
1866,  at  Mr.  Worthington's  Observatory,  Crumpsall,*'  by 
Joseph  Baxkndell,  F.B.A.S. 

The  first  contact  was  observed  at  4h.  ^Om.  6*0s.  Green- 
wich mean  time.  Owing  to  the  low  altitude  of  the  Sun,  its 
limb  was  very  tremulous,  but  the  error  arising  from  this 
cause  was  estimated  not  to  exceed  one  second.  'I'he  telescope 
used  was  the  equatorially-mounted  achromatic,  of  5  inches 
aperture  and  70  inches  focal  length,  with  a  positive  eyepiece 
magnifying  68  times.  The  position  of  the  observatory  is, 
latitude  53^  30'  60-0'  N.,  longitude  8'  66-16^  W. 

^'  Results  of  a  Comparison  of  the  Magnitudes  of  the  Bedford 
Catal(^e  with  those  of  Sir  John  ELerschel,*'  by  Oboboe 
Knott,  F.B.A.S.    Communicated  by  Mr.  Baxendell. 

Some  few  months  ago  I  had  the  honour  of  submitting  to 
the  Physical  and  Mathematical  Section  of  the  Manchester 
Literary  and  PhUosophioal  Society  the  results  of  a  comparison 
of  the  Star  Magnitudes  of  the  Bedford  CataJogue  with  those 
of  the  MeMurm  Micrametrica  and  the  Bonner  Stemverzeich- 
n%9$.  In  the  following  paper,  which  may  be  regarded  i&s 
supplemental  to  that  just  referred  to,  I  propose  giving  the 
results  of  a  similar  comparison  of  the  magnitude  scale  of  the 
Bedford  Catalogue  with  that  of  Sir  John  Herschel. 

The  Stars  for  comparison  are  taken  from  Sir  John  Her- 
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schel's  six  Catalogues  of  Stars  observed  with  the  20  foot 
reflector^  and  his  two  Catalogues  of  Double  Stars  measured 
with  the  7  foot  equatorial^  which  are  printed  in  the  earlier 
volumes  of  the  Memoirs  of  the  ftoyal  Astrono^(^  Society. 
The  method  of  procedure  was  the  same  as  that  adopted  in 
the  former  investigation.  The  ma^ni|tude  assigned  by  Sir 
John  Herschel  to  each  star  common  to  the  two  observers  was 
tabulated  under  the  magnitude  a^si^ed  to  it  by  Admiral 
Smyth,  and  the  mean  taken.  The  results  thus  obtained  were 
equalized  by  Sir  John  Herschel's  formula  (Mem.  B.A.S.,  voL 
Uf,  p.  17^)  and  the  cori:ec|;ed  and  uncorrected  results,  together 
^ith  t][ie  nu^Qiber  of  comparisons  on  which  each  depends,  ap 
given  in  the  following  Table. 

Table. 


Mag. 

Mag. 

No.  of 

•^ 

No.  of 

Sdi. 

H. 

Oba. 

XX* 

Corrected 

OlM. 

1 

l-OS 

.6 

J06 

6 

.       1-6 

1-62 

8 

2 

2-20 

6 

2-26 

2     ■ 

9* 

2-7 

3 

2fi9 

16 

3 
3-6 

1-0 
3-6 

10 

3-04 
3-67 

§ 

4 

4-3 

26 

4-28 

63 

4« 

4!9 

18 

4'87 

76     . 

6 

8-4 

32 

6-28 

88 

6-6 

5-6 

38 

6-85 

136 

6 

^■6 

«6 

6-40 

182 

6-6 

7-0 

25 

n» 

i^s 

7 

7-4 

41 

7-36 

112 

7-6 

7-7 

42 

7-76 

136 

8 

8-1 

53 

&<18 

126 

&B 

8-8 

30 

8-76 
9-47 

120 

9' 

9-6 

37 

85 

9-5 

10-2 

18 

10-06 

79 

10 

10-6 

24 

10^ 

.60 

11 

111 

18 

11-36 

^6 

12 

11-9 

14 

11-72 

58 

13 

12-3 

26 

12-48 

66 

1    U 

13-2 

16 

13-27 

63     > 

15 

14-4 

12 

14-46 

40 

16 

16-9 

13 

15-SlO 

13 

iii^i  ma^\A)[i%  the^  Tt^lM  ^th  thblrt»  c»iit«ilM  in  by 
former  paper,  we  obtain  an  indirect  comparison  of  Sir  John 
HerscheFs  scale  with  that  of  Professor  SlruVe.  The  results 
thus  obtained  present  but  a  moderate  acdiW£inb4  with  Viiiifh 
of  Sir  John  Herschel's  direct  eoinparison^  as  given  in  Vol.  iii. 
of  the  Memoirs  of  the  Ro3ral  Asd'onomical  Society.  This  is 
perhaps  owing,  apkrt  frotii  the  indirectness  of  the  method,  to 
the  fact  that  I  havie  not  clonfined  myself  to  the  list  of  stars 
employed  by  Sir  J.  Hei«ich)Bl,  and  d>8t  vkj  comparison  was 
made  with  the  magnitudes  of  the  HUhnsiircB  MicrometrictB^ 
and  not  with  those  of  the  Dorpat  Cckalogiie. 

**  Note  on  the  Combined  Magnitude  of  two  Stars  in  close 
proximity,"  by  GsoRaB  Knott,  F.Kr.A.S.  Communicated 
by  Mr.  Baxbndbll. 

It  is  sometimes  convenient  to  know  the  magnitude  resulting 
from  the  combined  effect  of  two  stars  in  such  close  proximity 
as  to  appear  as  one  star,  either  to  the  naked  eye,  or  in  a  tele- 
scope of  insufficient  power  to  separate  them. 

If  m  and  m+Am  be  the  magnitudes  of  two  stars  so  circum- 
stanced, and  p  the  decreasing  *  light-ratio,'  then  if  /n  be  the 
combined  magnitude  required,  it  may  easily  be  shown  that*:^. 

hg.if 
It  thus  appears  that  if  we  tabulate  the  valaes  of  the 

..„  - \  +P U  <the  sign  of   which  it  will  be 

hg.p 

observed  is  essentially  negative,)  for  certain  definite  values 
of  Am,  we  can  obtain,  by  inspection,  the  value  of  the  correc- 
tion to  be  applied  to  the  numerical  magnitude  of  the  greater 
of  two  stars  closely  juxtaposed,  in  order  to  obtain  the  magni- 
tude resulting  from  their  combination. 

*  I  hATe  adopted  the  symbols  of  the  fonnida  m  kindly  conmumiofttod  to 
me  by  Lieut.  Taprnan,  B.M.A.,  F.BJLS.,  m  being  more  ^ymmetrioel  than 
those  of  my  own  independent  inTestigation. 
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The  following  Table  has  been  calculated  on  the  aaeumptioii 
that  p=0'898=a.5io>  *®  reciprocal  of  Mr.  Pc^^son's  value 


for  the  'light-ratio/ 


Tablb. 


^m. 

lcff.{l+P^) 

loff.p. 

0-0 

—  0-76 

0-6 

0-63 

1-0 

0-36 

1-6 

0-24 

2-0 

016 

2-6 

010 

30 

0-07 

3-6 

0-04 

4-0 

—  003 

**  Catalogue  of  Binary  Stars,  with  Introductory  Remarks,*' 
by  A.  Brothers,  F.R,A.S. 

[This  paper  was  afterwards  read  at  the  Ordinary  Meeting 
of  the  Society,  held  October  16th,  1866.     See  page  1 1.] 


Erratum. 
Proceedings  Lit.  &  Phil.  Society,  Vol.  5,  p.  127,  lines 
2  and  8  from  bottom,  for  July  17-0  and  December  8'6,  read 
July  9*5  and  November  24*  1. 
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Ordinary  Meeting,  October  80th,  1866. 

B.  Akgus  Smith,  Pb.D.,  F.B.S.,  &c.,  Vice-President, 
in  the  Chair. 


Professor  B.  B.  Clifton,  M.A.,  F.B.A.S.,  late  of  Owens 
CoU^e,  but  now  of  Oxford,  was  unanimously  elected  an 
Honorary  Member  of  the  Society. 

Mr.  E.  W.  BiMNBT,  F.B.S.,  F.O.S.,  exhibited  some  speci- 
mens which  Mr.  Samuel  Ogden  had  procured  from  a  bore 
hole  now  being  made  near  the  new  hotel  in  Birkdale  Park, 
Southport,  for  the  purpose  of  obtaining  a  supply  of  water. 
At  65  yards  deep  from  the  surface  beds  of  red  and  light 
coloured  marls,  with  crystals  of  sulphate  of  Ume  and  white 
granular  gypsum,  were  met  with.  At  67  yards  similar  beds, 
with  greater  quantities  of  sulphate  of  lime  and  gypsum  in 
them.  At  69  yards  like  beds,  without  sulphate  of  lime  and 
gjrpsum.  All  the  deposits  contained  common  salt,  which 
was  very  evident  on  the  application  of  the  tongue.  He  said 
that  red  and  variegated  marls  containing  gypsum  similar  to 
those  exhibited  were  met  with  in  the  upper  permian  beds  of 
Lancashire  and  the  keuper  marls  of  the  trias  in  Cheshire, 
but  in  the  latter  alone  had  salt  been  yet  found,  and  he  was 
therefore  inclined  to  consider  the  specimens  triassic,  and  the 
strata  not  very  likely  to  yield  an  abundant  supply  of  fresh 
water.  The  thickness  of  these  marls  had  never  been  tho- 
roughly proved,  but  at  Fleetwood  they  had  been  penetrated 
409  feet,  at  Poulton  Breck  537  feet,  without  reaching  the 
underlying  marls  and  waterstones.  At  Middlesborough  in 
the  east  of  England,  and  Duncrue  near  Belfest,  these  beds 
FBOonDDrcHi— Lit.  k  Phil.  Soghtt.— Vol.  YL— Ko.  8— Sissiqn  1866-7. 
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weie  proved  to  be  about  1200  feet  in  thickneBS.  Bock  salt 
and  not  fresh  water  has  generally  been  found  in  them*  If 
the  sandstone  beds  of  the  waterstones  or  the  soft  red  sand- 
stone of  the  bunter^  both  of  them  water  bearisig  strata,  were 
reached,  he  doubted  about  the  water  being  fresh  if  found  at 
all. 

Mr,  W,  W.  PuLTT,  of  fte  %f  of  Mather  and  Piatt,  said 
he  was  of  opinion  that  the  occurrence  of  salt  in  the  marls 
was  no  reason  why  there  should  not  be  fresh  water  below  in 
beds  of  sandstone,  and  if  he  were  ike  parties  engaged  in  the 
undertaking  he  should  not  hesitate  in  proceeding  Harther, 
and  he  thought  with  a  feir  chance  of  success,  for  a  good 
supply  of  fresh- water. 

'*0n  thf)  IImiiJAC)tiin9  of;  Sfilphida  of  4«iiivwii«Bi,*'  \ij 
P«a^E  Spwcjb,  f  .^.A,,  RC»S. 

QydrQ-sulphuTQt  of  aamiomap  or,  aidphidft  qC  a^mfmim, 
ifi  at  preneut  chiefly  used  ii^  tfee  lal^oj^tory,  wher«  it  is  a  veiy 
us^l  reageut  m  lOAtaJlic,  and  Qther  aiifjyse^  %nd  iti  l^m 
Qfte^  l^een  thoiig^t  it  might  be  more  esUe^v^ly  imA  if-  it 
00^14;  ^  ma^e  cheaply  and  of  ^^ood  qualitjr,  J^t  prea«ntf  li  is 
made  by  4irectly  cfiargipg  liquor  aam^Qui^  wi^h  si|]|»hiu«|tted 
hydrpgei^  gas,  bu(.  this  is  a  very  expensiire  mode^^d,  %m  tlie 
fapjt  tliat  n^o^  of  it  thus  obtained  is  i^ot  fully  charged,  itwciuU 
seem  not  tp  be  an  easy  mo^^  otm^^iiiug  i^  Havipg  oqemm 
sopae  time  agp  to  r^u^  it  Iwgely  in  t|]^  m^cmfrctmiQ  qf 
sulpbo-cyamde,  of,  ammonium,  I  iave^ted  for  jmysi^i^imdP 
of^  mpkiRg  i<i  vary  eq^nw^c^Uyt  wd,  Wj  obwgrfi  "mUk 
suilpl^ur. 

In  cpn;^^^^^^catiw.th«. filw^  ^  *9.  ^m^ld^^ki  w  t*« 
lW)p9  th#t  it,xwiy  ^  ^mM  i^Mk^  l^bftrrtorifls.  0^.  thosft  ^^ 
prod^pe,ao?^e  qf  tfe^jr  qwp  rp«|eRl|[*  Ti^  l^)Qi^.mw4t.iU>t» 
¥^pv^Fi  »vft  we,  t9o  iwM^.  cr^^ti  ft)r,  gemf^if,  i^>  l^W 
foimd  a  upiw^t}  for  t|ie  artidei  n#4ng,  i%  wpl^  v^  ^Wte  tt) 
u^^ke  it  ^V&hf^  I,8b9ul4  b^ye  h^  i^  sefsi^d  by  patmt. 
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but  a«  it  IS  noty  I  mak^  the  gift  idit  what  it  is  worth.  I 
have  by  this  pbm  made  the  article  to  some  extent  for  a 
Iiondte  house;  aoid  hat^  sent  them  some  30  to  40  carboys ; 
but  the  demand  was  only  fitful,  and  although  they  were 
highly  satisfied  with  the  quality  dnd  would  have  given  me 
my  diWtk  priee,  it  was  not  worth  my  while  to  continue  the 
process* 

The  mode  of  manufiu^ture  is  merely  to  mix  a  salt  of 
ammonia,  say  sulphate  or  chloride,  with  double  its  weight  of 
soda  waste  or  gas  lime  (either  being  suitable),  and  blowing 
into  the  mixture  a  jet  of  steam  and  passing  the  vapours 
through  condensing  apparatus;  the  distillate  is  pure  sul- 
phide of  ammonium.  It  may  be  as  well  to  mix  the  two 
bodies  in  a  portion  of  water ;  and  even  in  that  case  it  is 
needful  to  be  careful  with  the  condensing  pipes,  as  sulphide 
of  ammonium  being  much  more  volatile  than  water,  it  comes 
over  so  strong  at  first  as  to  condense  in  a  solid  form.  I  had 
nearly  a  serious  accident  with  it,  which  I  name  to  induce 
caution.  I  was  passing  the  still  when  at  work,  and  saw 
something  was  wrong.  I  called  my  manager,  who,  with  the 
man  at  work,  examined  the  pipes,  and  found  them  closed  ; 
on  opening  them  with  an  iron  rod  there  was  a  flow  of  liquor 
and  a  strong  blow  of  gas ;  seeing  and  feeling  tins,  I  called  to 
the  man  to  leave  it  instantly,  but  he  hesitated.  My  manager 
then  seized  him  by  the  arm  and  pulled  him  away,  and  he 
instantly  fell  down  and  became  rigid  as  a  log  of  wood ;  his 
breast  was  now  rubbed  forcibly  to  bring  on  breathing,  which 
had  quite  stopped,  and  a  doctor  who  was  sent  for  poured  cold 
water  on  his  head.  He  now  went  into  most  violent  convulsions, 
which  lasted  over  an  hour  and  a  half,  when  he  got  gradually 
round  and  was  able  to  work  next  day.  I  ascribed  the  saving 
of  his  life  to  the  rubbing  of  his  breast,  as  complete  asphyxia 
had  taken  place  with  the  rigidity  of  death.  Sulphuretted 
hydrogen  is  most  powerful  in  its  effects  on  animal  life,  but 
when  combined  with  ammonia  it  seems  even  more  active ; 
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one  peculiarity  of  it  in  both  forms,  however,  seems  to  be  that 
if  you  esoape  with  life  it  leaves  no  bad  effects  afterwards.  I 
have  myself  oftener  than  once  suffered  from  it,  but  only 
temporarily. 

With  this  caution  to  those  who  attempt  making  sulphide 
ammonium,  and  stating  that  otherwise  there  is  no  difficulty 
in  the  process,  I  conclude  this  communication. 
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MIOBOSCOPIOAIi  AKB  KATUBAL  HISTOBT  SBCTIOKa 

October  8th,  1866. 

A.  O.  Latham,  Esq.,  President  of  the  Sectiont  in  the  Chair* 

Mb.  Hub8T  read  a  paper  ^*  On  the  plants  springing  up 
spontaneously  on  the  fresh  turning  up  of  pasture  land  at 
Knutsford,  Cheshire.'* 

He  said  that  grass  seeds  were  sown  over  a  portion,  but 
that  this  merely  accelerated  what  appeared  to  be  the  certain 
effect  of  time  in  this  district,  yiz.,  the  almost  toiel  extinction 
of  other  plants  by  the  grasses.  His  observations  only 
extended  through  July  and  August,  during  which  time  he 
observed  the  following  species : — 

CaryopfMl<xe€ce, 
Silene  arvensis,  K  R 
SpeigolaanrensiSi  K  R  var.  sativa 
Stellaria  media 

OeraniacecB. 
Geranium  pusillum 


BcmunetUaoecB. 
BanimculuB  bulbosus 
auricomuB 

Papaveraeeoe. 
Papaver  dubium,  Lamottii 
argemone 


FumariaeecB.  Zeguminoieaf. 

Fmnariaconfus%  EL  R  oapreolataTrifolium  repens 


offioinalis 

pratense 

prooumbens 

Ctvdjme. 

iwjninf 

Capsella  Bursa  pastoris 

Viola  Ursuta 

Brassioa  Bapa,  E.  R 

Arabis  Thaliana 

Soioceee. 

Bubus 

VMaeeoe. 

GratSDgds 

Viola  aryensis 

eu-tricolor 

JRtMaeeoB. 

Sberardia  Aryensis 

Coffipoiito. 
Aohilka  millefoliiim 
Seneoio  yulgaris 
Sonchus  oleraceuB 
Crepis  Tirens 

Ldtmtbddii  atLtimmallffy  vat  eu 
genniiuB 


BwrcugifMm. 


If^bicAk 


AntgaUui 


Digitalis  purpurea 
Yeronioa;  set 


Rumez  acetoia 
aoetosella 
iMspiiB 
Polygonum  oonyolvulus 
aviotdare 
persioaria 


^i^boifbiA  hdiod^fSa 
Qotrowi  pechboolatei 

JunouB  bufonius 

Anthozaui^dmiim  odoratuin 
H0I0U8  mollis 

laAa^ 
Lolium  peMhjd'e 
Bromus  arTond^ 
Poa  trivialis 


Avena  satiya 


LMoM. 
Prunella  yulgaris 
Galeopsis  yersioolor 

Plantago  l^bdbUti^'^ 
msgor 

Oienopodium  aUStktti:" 

With  regard  to  the  foregoing  list,  he  drew  atteatiDa  to  tlie 
total  absence  of  Umbelliferae.  Also  the  Polygonuai  OimvoWii- 
lus  was  the  plant  which  at- MS  time  coyered  more  ground  than 
any  other  species,  appeanng:  to  smother  motlh  dF  the  plants 
around  it.  Tet  in  untouched  adjacent  fields  ikot  ait  iMI- 
yidual  could'  be  ftMind.    Glassed  by  De  GanSbll^'  aif  one  of 


tho0e  plants  cultiTated  by  man  against  his  will  in  western 
Europe,  and  only  ind^nous  in  Siberia,  it  certainly  seemed 
curious  that  a  Siberian  plant  should  be  the  first  to  cover  the 
soil  of  Cheshire  on  its  being  first  exposed  to  the  air.  Mr. 
Hurst  remarked  that  FolygoiHm  avioukre  came  after  the 
former  species  in  the  extent  of  ground  covered,  and  on  flat 
uashaded  places  appeared  tohoUits  own  against  F«  canyok- 
vulus  better  than  any  oAiut  plant;,  nor  does  it  appear  to  be 
eventually  smothered  by  the  grasses  among  which  it  may 
fre^MUlly  be  foimd  growing.  Papaver  diririum  eame  aext 
as  to  conspieuousness,  tiiovgh  perfai^  not  covering  so  great  an 
area  as  other  speeies.humUer  ini^peanuMe.  In  the ^djaeenC 
town  o#  Bowdon,  under  simflar  circumstances^  it  sprang  «p 
abundantly  the  first  year,  sparingly  the  second  and  alfiaost 
disappeared  the  third.  The  slightest  cakeing  or  hardenkig 
of  the  surfiu^e  soil  being  fatal  to  its  existence. 

mantago  major,  or  '^l&e  footsteps  <^^e  white  man,^  as 
h  is  called  by  the  Ntnrth  American  Indians^  also  appeared^ 
but  in  smaH  numbers.  The  list  comprises  68  species,  of 
which  the  GhraminacecB  form  17  per  cent;  Polygonacese^  13per 
cent ;  Oompositea,  11  per  cent;  Leguminos»,  9  per  cent. 

Hence  there  were  one-half  of  the  species  comprised-in  forar 
iamilies.  Papaver  argemone^  Myosetis  arvensis,  AnagalHs 
arvensis  were  single  specimens,  but  these  species  are-found'iti 
the  adjacent  fields. 
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PHOTOORAPmOAL  SEOTIOir. 
NoTember  Ist,  1866. 

Dr.  J.  P.  JouLB^  F.B.S.^  ftc,  Yioe-Preddent  of  the  Section^ 
in  the  Chair. 

Mr.  CooTB  exhibited  an  interesting  set  of  prints^  including 
news  of  Exeter  Cathedral,  Torquay,  &c.,  which  he  had 
recently  taken  by  the  ooUodio-albumen  process.  One  of  the 
plates  used  had  been  prepared  twelve  months,  and  the  print 
from  it  was  equal  to  most  of  the  others  taken  on  freshly  pre- 
pared plates. 

Mr.  Brothbbs  suggested  that  if  the  meteoric  shower  on 
the  night  of  the  I2th-13th  instant  should  prove  to  be  one  of 
more  than  ordinary  interest,  it  might  be  interesting  to  pr^ 
serve  a  photographic  record  of  the  event.  He  said  that  a 
camera  with  a  prepared  collodion  plate  might  be  adjusted  on 
some  well  known  star  near  where  the  meteors  were  noticed 
to  be  most  numerous  and  brightest,  and  after  about  ten  or 
fifteen  minutes  the  plate  (it  might  be  kept  wet  about  that 
time)  should  be  developed  if  any  meteors  had  been  observed 
to  pass.  A  succession  of  plates  could  be  exposed,  and  a  note 
taken  of  the  principal  star  to  which  the  camera  had  been 
directed. 
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Ordinary  Meeting,  November  l3th,  1866. 

Edward  Schuncj^,  Ph.D,,  F.R.S.,  fee,  President, 

* 

in  the  Chair. 

Mr.  Arthur  McDougall,  William  Stanley  Jevons,  MA., 
Professor  of  Logic,  &c,  Owens  College ;  and  William  Jack, 
M.A.,  Professor  of  Natural  Philosophy,  Owens  College,  were 
elected  Ordinary  Members  of  the  Society. 

"On  Echinus  lividus,  illustrated  by  specimens  fix)m 
Roundstone,"  by  Thomas  Aloook,  M.D. 

The  Author  described  particularly  the  mechanism  of  the 
teeth  and  jaws  of  the  animal,  and  showed  by  a  dissection  of 
the  parts  that  the  statement  made  both  by  Professor  Owen 
and  Professor  Rymer  Jones  that  the  striated  sur&ces  of  the 
jaws  are  used  to  comminute  the  food  is  incorrect,  for  the 
whole  of  these  surfaces  is  occupied  by  muscle,  and  is  alto- 
gether outside  the  pharynx  throiigh  which  the  food  passes. 
These  particulars  may  be  seen  in  the  accompanying  figure 
taken  from  the  dissection. 
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He  further  showed  that  the  food  contained  in  the  ali* 
mentary  canal  consists  of  very  coarse  pieces  of  sea^weed 
and  zoophyte,  which  have  evidently  not  been  subjected  to 
the  action  of  any  triturating  apparatus. 

He  exhibited  mounted  specimens  of  the  suckers,  and  also 
of  the  sucker-plates  cleaned  in  potash.     He  said  Professor 
Owen  quotes  Professor  Valentin  with  regard  to  the  pedi- 
ceUaxisd,  and  states  that  there  are  three  forms  of  them 
belonging  to  Echinus  lividus,  namely,  gemmiform,  tridactyle 
and  ophicephalous  pedicellarise ; — ^these  were  exhibited  as 
mounted  specimens,  and  with  them  a  fourth  kind,  quite 
distinct  from  them,  and  the  most  remarkable  in  form;  it  has 
long  slender  jaws  like  those  of  a  crocodile,  armed,  in  this 
spedes,  with  one  very  long  terminal  tooth  and  one  tooth  on 
each  side  not  far  removed  from  it.     He  remarked  that  in 
Echinus  sphsera  all  four  kinds  of  pedicellarise  are  found  and 
agree  in  their  general  character  with  those  of  Echinus 
lividus,  though  they  are  sufficiently  different  to  be  readily 
distinguished,  and  the  fourth  kind  just  mentioned   has^ 
besides  the  long  terminal  tooth,  a  series  on  each  side,  of 
six  or  seven  recurved  teeth,  suggesting  that  the  name 
sauricephalous  would  be  an  appropriate  one  for  this  form. 
Moimted  specimens  of  the  four  kinds  of  pedicellarise  of 
Echinus  sphsera  were  shown  for  comparison  with  those  of 
Echinus  lividus,  together  with  suckers  and  sucker-plates, 
and  the  buccal  membrane  mounted  entire  to  show  the  ophi- 
cephalous and  gemmiform  pedicellarise  complete  and  in  their 
natural  position. 
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"On  the  Sti-ucture  of  the  spines  of  Echini,"  by  H.  A. 
Hurst,  Esq. 

Notwithstanding  the  general  appreciation  by  microscopists 
of  the  spines  of  Echini,  the  author  had  been  unable  to  find 
any  satisfactory  account  of  their  structure,  and  he  attributed 
this  to  the  fact  that  the  examination  of  these  objects  had 
been  chiefly  confined  to  their  sections,  mounted  in  Canada 
balsam,  which  frequently  has  the  effect  of  making  transparent 
objects  too  transparent  He  recommended  for  this  purpose, 
however,  the  use  of  Smith  and  Beck's  semi-paraboloid  lieber- 
khun,  together  with  transmitted  light  —  cutting  off  either 
means  of  illmnination  by  a  slight  motion  of  the  hand,  or 
using  both  together;  but  the  readiest  means  of  ascertaining 
their  real  structure  he  found  to  be  the  examination  of  \m- 
moimted  and  splintered  ends  of  broken  spines  by  incident 
light,  a  method  bringing  out  details  and  showing  the  con- 
nection of  parts  in  a  manner  superior  to  any  other.  It  was 
with  diffidence  he  dissented  from  Dr.  Carpenter's  views  in 
the  last  edition  of  his  work  on  the  microscope;  but  he 
^gg^  to  propose  the  following  as  more  in  accordance  with 
the  appearances  of  structure  presented  by  these  spines  imder 
the  microscope.  They  are  composed  of  two  substances  in 
outward  appearance,  though  chemically  perhaps  the  same, 
one  so  perfectly  homogeneous  and  transparent  when  viewed 
by  transmitted  or  polarised  light  that  it  cannot  be  distin- 
guished from  the  blank  field  of  the  microscope  —  yet,  under 
incident  light,  so  dark  and  opaque  as  to  appear  black.  This 
substance  is  frequently  traversed  by  winding  anastomising 
channels,  which,  though  only  containing  air,  seem  opaque 
and  show  as  solid  by  transmitted  light,  the  substance  they 
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traverse  itself  bOTig  inyisible.  He  had  not  satasfiu^tc^y 
made  out  the  structure  of  the  second  substance ;  it  resembled 
the  pith  of  plants,  but  it  was  less  r^ularly  cdhilar,  and  in 
some  spines  assumed  a  fibrous  appearance^  It  is  opaque 
under  transmitted,  smd  listening  white  uader  incident 
light.  In  the  following  remarks  he  called  this  opaque,  and 
the  first  described  transparent  substance.  The  general 
structure  of  the  spines  he  had  examined  was  also  twofold ; 
in  the  simpler,  as  the  Amphidotus  cordatus,  the  centre  por- 
tion is  hollow;  in  ttie  more  complicated  it  is  composed  oi 
the  opaque  substance  perforated  along  the  length  of  the 
spine  by  vertical  solid  tubes  of  the  transparent  matter,  witib- 
out  any  definite  arrangem^it.  These  appear  to  increase  only 
in  length;  hence  a  section  sat  the  apex  of  the  spine  shows 
in  the  centre  a  prolongation  of  the  oldest  portion,  the 
thickening  of  the  spine  arising  diflterentiy,  as  subsequently 
explained  The  hollow  centre  of  the  Amphidotus  cordatus  is 
surrounded  by  a  cellular  fretwork  of  the  transparent  matter, 
while  around  this  is  a  circle  of  solid  ribs  or  pillars  of  the 
same,  smooth  on  the  exterior  of  the  spine,  but  within  beauti- 
fully hollowed  out  into  what  the  heralds  call  an  ei^raUed 
outline,  the  points  of  which  connect  it  with  the  inner  layer 
of  odlular  firetworic  This  framework  is  oecasionally  want- 
ing>  and  the  ei^railed  points  are  simjdy  connected  with 
eaob  other  by  a  straight  inner  line  of  tronsparent^matter.  In 
the  more  complicated  forms  he  was  not  satisfied  he  hadafia^^ 
tained  the  real  structure,  b^t  thought  it  to  be  as  foUows. — 
l%e  tubes  of  transparent  matter  noticed  about  the  central 
opaque  substance,  as  they  appi^oached  towards  the  ciroum- 
ference  of  the  first  season's  growth,  gradually  coalesce,  and,' 
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at  a  certain  distance  from  the  centre,  consolidate  into  a  rib 
or  pillar,  which  runs  from  the  root  to  the  apex  of  the  spine, 
forming  a  longitudinally  furrowed  exterior,  caused  by  the 
centre  of  each  rib  projecting  slightly.  Once  this  consolida- 
tion of  tubes  into  ribs  effected,  the  growth  changes,  the  ribs 
extending  eccentrically  into  plates  radiating  fifom  the  centre, 
and  separated  from  each  other  by  a  mass  of  tissue  similar  to 
that  at  the  centre.  At  the  close  of  the  second  period  of 
growth  these  plates  thicken  concentrically  so  as  ahnost  to 
touch  each  other,  which  however  they  do  not,  leaving  a 
furrow  of  separation.  They  then  continue  their  radiating 
extension  till  tiie  end  of  another  year's  growth,  when-the 
concentric  thickening  into  an  outer  rib  again  takes  place, 
and  so  on  in  successive  years.  These  radiating  plates  are 
horizontally  perforated  by  circular  apertures  bearing  a 
singular  resemblance  to  rivet  holes  in  boiler  plates,  and 
appear  to  have  rivets  passing  through  them  of  the  opaque 
substance  in  a  fibrous  state.  Altogether  the  structure  of 
the  spine  may  be  compared  to  that  of  an  iron  tubular  Iwridge. 
The  thickened  exteriors  of  these  plates  are  highly  coloured, 
and  traversed  by  winding,  anastomising  channels  containing 
air ;  in  some  portions  of  the  spine,  the  opaque  substance 
either  grows  into,  or  is  destroyed  and  replaced  by,  the  trans- 
parent substance,  which  then  forms  a  solid  mass,  perforated 
by  the  rivet  holes,  now  changed  into  winding,  anastomising 
passages. 

Forms  intermediate  between  the  extremes  of  complexity 
and  simplicity  were  those  of  Echinus  sphsera  and  lividus. 

Echinus  sphsera  being  chiefly  composed  of  the  pith-like 
substance,  with  25  or  30  radiating  glassy  plates  of  a  whitish 
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colour;  while 

Echinus  lividus  was  more  solid,  the  pith-like  substance 
passing  into  the  solid  glassy  radiating  plates  through  portions 
consisting  of  this  glassy  matter,  perforated  by  anastomising 
channela 

Mr.  Hurst  was  not  able  to  say  whether  the  pithy  and  glassy 
substances  are  distinct  or  not ;  but  while  the  cellular  matter 
leaves  no  trace  after  the  prolonged  action  of  vinegar,  the 
transparent  glassy  substance,  as  well  as  the  exterior  of  the 
spine,  appears  to  be  enveloped  by  a  membrane,  resisting  the 
action  of  vinegar,  which  curiously  converts  this  solid, 
opaque,  hard,  and  brittle  spine  into  a  transparent,  flexible 
body,  retaining  its  original  form 

By  using  direct  sunlight  and  a  semi-paraboloid  condenser, 
the  glassy  matter  could  be  distinctly  seen  through,  even 
when  viewed  as  an  opaque  object,  and  the  arrangement  of 
the  cellular  matter  ascertained.  It  is  this  transparent 
substance  which  is  tinged  with  the  beautiful  purple  hue  so 
well  known  to  microscopists. 

Mr.  Hurst  expressed  his  disappointment  that  the  use  of 
polarized  light  in  these  observations  had  led  to  no  result, 
and  thought  its  value  had  been  over-estimated. 
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Ordinary  Meeting,  November  27th,  1866. 
E.  W.  BiNNEY,  F.R.S.,  RG.S.,  Vice-President,  in  the  Chair. 

Among  the  donations  announced  was  a  beautiful  series  of 
preparations  of  the  spores  of  Fungi  on  glass,  from  Sir 
J.  F.  W.  Herschel,  Bart.,  M.A.,  F.RS.,  &c.  &a 

On  the  motion  of  Mr.  Spence,  seconded  by  Dr.  Joule, 
the  thanks  of  the  Society  were  unanimously  voted  to  Sir 
John  Herschel  for  his  valuable  donation. 

"  Observations  of  the  Meteoric  Shower  of  November  13-14, 
1866,"  by  Joseph  Baxendell,  F.RA-S. 

The  early  part  of  the  night  of  November  13th  was  very 
squally  and  cloudy,  with  showers  of  rain  and  hail  and 
occasional  flashes  of  lightning.  At  about  12h.  15m.  a  break 
occurred  near  the  zenith,  and  in  a  few  minutes  the  clouds 
had  almost  entirely  disappeared.  My  observations  of  the 
meteors  commenced  at  12h.  16m.  Greenwich  mean  time,  and 
were  directed  principally  to  the  determination  of  the  time  of 
maximum  frequency,  and  the  position  of  the  radiant  point 
The  observations  of  frequency  were  as  follows :  — 

Nmnbor  of 
Meteors  Obtexred. 

Prom  12^  16«  to  12'»  32" 60 

32  48  153 

48        13     4  287 

13  4  20  378 

20  .    26  122 

26  42  316 

14  19        14  42  54 

15  20        16  35  6 

From  13h.  42m.  to  14L  19m.,  and  again  from  14h.  42m. 
to  15h.  20m.,  the  observations  were  interrupted  by  clouds 
and  rain,  and  only  73  meteors  were  counted  during  the  two 
Peoobkdikgb— Lit.  &  Phil.  Sooiett,— Vol.  VI.— No.  6— Session  1866-7. 
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intervals.  At  15h.  35in.  clouds  came  on  again  very  sud- 
denly, and  the  sky  remained  obscured  at  I6I1.  Sm.,  when  I 
ceased  to  watch. 

During  the  whol6  time  of  observation  the  sky  was  rarely 
entirely  free  from  clouds  for  more  than  two  or  three  minutes, 
but  the  errors  arising  from  this  cause  are  probably  pretty 
evenly  distributed  through  the  intervals  above  given,  and 
cannot  therefore  materially  affect  the  final  determination  of 
the  time  of  maximum  frequency.  The  results  of  the  obser- 
vations are  as  follows :  — 

ATenge  NmnbOT  of 
Bleteon  per  Mlmite. 

At  12'»  24» 3-7 

40    9-6 

66    17-9 

13  12    23-6 

23    20-3 

34    19-7 

14  30J 2-3 

15  27J 0-4 

The  curve  formed  by  a  projection  of  these  numbers  gives 
13h.  12m.  as  the  time  of  maximum  frequency.  The  probable 
error  of  this  result  can  hardly  exceed  one  minute. 

In  order  to  determine  the  position  of  the  radiant  point, 
the  positions  of  the  intersecting  points  of  the  paths,  con- 
tinued backwards,  of  a  great  number  of  pairs  of  meteors 
were  noted.  By  far  the  greater  number  of  these  points  fell 
on  a  space  bounded  by  lines  joining  the  stars  7,  ?,  /u,  €,  and 
il  Leonis,  and,  allowing  equal  weights  to  all  the  observa- 
tions, the  mean  position  was  found  to  be  R  A.  9h.  58m.  12s. 
=149''  33';  Dec.  22°  575'  North.  Calculating  the  position 
referred  to  the  ecliptic,  we  have  Long. =143''  41-0';  Lat= 
9**  54-5'  North. 

At  the  time  of  maximum  frequency  the  earth  was  ad- 
vancing in  the  direction  of  a  point  on  the  ecliptic  the  longi- 
tude of  which  was  141''  283',  or  2"  12T  less  than  that  of 
the  radiant.     It  appears,  therefore,  that  the  meteors  were 
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crossing  the  earth's  orbit  from  within  outwards,  and  that 
their  aphelion  distance  is  very  sensibly  greater  than  the 
earth's  radius  vector  on  the  13th  of  November. 

The  velocity  of  the  earth  in  its  orbit  on  the  13th  of  No- 
vember is  18*38  miles  per  second,  and  the  velocity  of  the 
November  meteors  when  they  enter  the  earth's  atmosphere 
has  been  found  to  be  40  miles  per  second.  With  these  data 
and  the  latitude  of  the  radiant  point  as  given  above,  9"*  54*5' 
N.,  we  find  that  the  inclination  of  the  orbit  of  the  mass  of 
meteors  to  the  plane  of  the  ecliptic  is  17**  59',  and  that  their 
orbital  velocity  at  the  time  they  encounter  the  earth  is 
22*31  miles  per  second.  The  excess  of  this  velocity  over 
that  due  to  their  distance  from  the  sun  arises,  in  part  at 
least,  from  the  accelerating  effect  of  the  earth's  attraction. 

An  attempt  was  made  to  estimate  roughly  the  relative 
niunbers  of  meteors  of  different  magnitudes,  and  it  was 
found  that  they  occurred  in  about  the  following  propor- 
tions :  — 

Out  of  every  100  meteors,  10  were  above  the  1st  mag.;  the 
brightest  of  these  were  2  to  3  times  brighter  than  Sirius; 
15  wete  between  the  1st  and  2nd  mag. 
25  „  2nd  and  Srd  mag. 

30  ,.  3rd  and  4th  mag. 

15  J,  4th  and  5th  magi 

5  were  below  the  5th  mag. 

The  average  magnitude  was  3*0. 

The  trains  left  by  many  of  the  larger  meteors  had  a 
beautiftd  emerald  green  colour,  others  were  of  an  ashy  grey, 
and  the  remainder  white.  The  meteors  themselves  were 
mostly  white  or  bluish  white,  but  many  were  of  a  fine 
golden  colour. 

In  order  to  give  some  idea  of  the  great  velocity  with 
which  the  meteors  enter  the  earth's  atmosphere  it  may  be 
remarked  that  it  would  be  sufficient  to  carry  a  body  through 
the  entire  circuit  of  the  earth  in  an  interval  of  less  than  ten 
and  a  half  minutes. 
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As  I  had  the  good  fortune  to  witness  the  great  meteoric 
shower  which  occurred  on  the  morning  of  the  ISih  Nov., 
1833,  r  may  state  that  the  late  display  was  far  inferior  to  it 
both  in  the  number  of  meteors  seen  and  in  the  brilliancy  of 
the  larger  ones,  and  I  am  therefore  inclined  to  think  that  a 
much  finer  display  may  be  expected  to  occur  in  November 
next.  At  the  time  of  the  1833  great  shower  I  was  at  sea, 
off  the  west  coast  of  central  America,  and  although  I  then 
knew  little  about  meteors,  and  the  idea  of  a  radiant  point 
had  not,  so  far  as  I  am  aware,  ever  occurred  to  any  astrono- 
mer or  meteorologist,  the  tendency  of  the  great  majority  of 
the  meteors  to  diverge  from  a  particular  region  of  tiie 
heavens  was  so  strongly  marked  that  it  at  once  engaged  my 
attention,  and  I  find  on  referring  to  my  notes  that  I  fixed 
the  central  point  of  this  region  in  the  constellation  Cancer, 
a  few  degrees  east  of  the  stars  8  and  y,  and  not  in  Leo,  as 
observed  by  Professor  Olmstead  and  otiiers,  in  the  north- 
western portion  of  the  North  American  continent.  A  great 
number  of  the  meteors,  however,  had  other  radiant  points, 
and  some  of  the  finest  moved  in  long  horizontal  arcs,  or  in 
directions  nearly  perpendicular  to  that  of  the  main  stream. 
This  fact  seems  to  me  to  be  strongly  opposed  to  the  oosmi- 
cal  theory  of  meteorites,  except  on  the  ratiier  improbable 
supposition  that  the  earth,  on  that  occasion,  encountered 
two  or  more  groups,  all,  at  the  same  time,  crossing  each 
others  orbits,  as  well  as  the  orbit  of  the  earth.  It  may 
however,  be  urged  that  such  a  supposition  is  hardly  more 
unlikely  than  that  which  ascribes  the  November  meteors  to 
a  ring  of  small  bodies  moving  round  the  sun  in  an  orbit 
differing  Uttle  in  magnitude  from  the  earth's  orbit,  but  the 
motion  being  retrograde,  or  contrary  to  that  of  the  earth,  and 
therefore  inconsistent  with  the  general  analogies  of  the  scdar 
system,  and  opposed  to  Laplace's  almost  universally  received 
nebular  hyix)thesis. 
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"  Observations  of  the  new  variable  star,  T  Coronae,"  by 
Joseph  Baxendell,  F.RA.S. 

While  engaged  on  the  night  of  the  15th  of  May  last  in 
observing  some  of  the  naked  eye  variables,  my  attention 
was  suddenly  arrested  by  a  strange  and  rather  conspicuous 
star  about  a  degree  distant  from  c  Coronse  in  the  south 
following  quadrant.  It  was  at  once  carefully  compared 
with  some  of  the  neighbouring  stars  in  order  to  ascertain 
its  magnitude  exactly,  and  a  rough  determination  of  its 
position  was  made,  which  led  me  to  conclude  that  it  was 
identical  with  Argelander's  No.  2,765  of  Zone  +  26^  9'5 
magnitude,  of  the  Bonner  Stemverzeichnisa,  a  conclusion 
which  was  fuUy  confirmed  the  following  night  by  more 
exact  observations.  On  the  night  of  the  7th  of  May  I 
observed  all  the  naked  eye  variables  then  visible,  and  also 
several  telescopic  ones,  and  among  the  latter  B  and  S 
Coronae,  but  this  star,  if  at  that  time  really  visible,  entirely 
escaped  my  notice ;  and  as  the  nights  between  the  7th  and 
15  th  were  cloudy  at  Manchester,  I  am  unable  to  say  at 
what  date  it  attained  its  ma,ximuni  brilliancy.  My  obser- 
vations of  its  magnitude,  colour,  &a,  from  the  date  of 
discovery  to  the  present  time  are  as  follows,  and  I  may  add 
that  all  determinations  of  magnitude  after  the  star  became 
invisible  to  the  naked  eye  were,  with  only  three  exceptions, 
made  at  Mr.  Worthington's  observatory  with  his  equatorially 
mounted  achromatic  of  five  inches  aperture,  care  being  taken 
to  use  always  the  same  eyepiece,  a  positive,  having  a  mag- 
nifying power  of  68  timea 

ObSBBYATIONS  07  T  OOBOVJB. 


Date. 


Mag 


OolooT)  &C.. 


1866. 
May  15 
16 


3-7 
4,2 


17|  4-9 
61 


White,  with  a  very  slight  yellow  tinge,  whiter  than  e. 
Croam  coloured,    but  the  light  very  bright,  and  star  well 

defined,  without  any  hazy  appearance. 
With  naked  ere.    Cream-coloured»  exactly  similar  to  c. 
Wiih  Sin.  AcL  p.  68. 
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Bitte. 

1866. 
May  18 


19 


Mag 


6-3 

5-6 


20 
21 
22 

23 

24 
26 

26 

29 

June  8 

10 

16 

17 

19 

25 

26 

July  11 

16 

19 

20 

21 

22 

80 

Aug.  20 

^27 

81 

Sept  14 

15 

17 

22 

24 

80 

1 

6 

8 

10 

14 

19 

28 

Not.  6 

19 


Oct. 


6-2 
71 

7-4 

7-5 

7-7 
7-8 

80 
8-4 
93 
9-2 
9-4 
9-5 
9-5 
9-6 
9-7 
9-7 
9-7 
9-6 
9-7 
9-6 
9-6 
9-7 
9-8 
9-5 
9-3 
7-9 
7-8 
7-9 
7-9 
7-8 
7-8 
7-7 
7-6 
7-6 
7-6 
7-5 
7-7 
7-8 
7-9 
8*8 


Ck>lour,  &o. 


Oream-ooloured  or  buff.  At  times  I  haye  an  impressioii  of  a 
blue  tinffo,  as  if  the  yellow  of  the  star  were  seen  through 
a  film  of  a  blue  tint. 

Deep  oream,  buil^  Bath  briok  or  wash-leather  colour,  with  a 
tinge  of  blue  oyer  it.  c  the  same  colour,  but  perhaps 
sli^tly  liffhter  and  without  the  blue,  or  at  least  with  exces- 
siyely  little  of  it.  Bepeatodly  examined  also  by  Mr.  Dancer 
and  Mr.  Williamson,  with  different  powers,  and  their  esti- 
mations of  colour  precisely  the  same  as  my  own. 

Buff  coloured,  with  a  tinge  of  blue,  and  deeper  than  c  Oorone, 
which  is  yellow  or  light  buff. 

Leaden  or  slaty  blue ;  the  yellow  colour  has  almost  entirely 
disappeared. 

The  light  of  the  star  la  dull,  and  is  of  a  slaty  blue  or  dark 
French  white  colour,  or  nearly  like  Smyth's  No.  4  blue. 
No  traces  of  yellow  or  red  can  be  dearly  made  out 

Dull  grey  or  French  white.  Sometimes  were  seems  to  be  a 
trace  of  yellow. 

Dull  white,  with  a  slight  tinge  of  yellow  or  orange. 

Dull  and  slightly  orange-white.  A  shade  of  blue  aometimee 
suspected. 

Dull  orange  white. 

Dull  orange  yellow. 

Dull  orange  yellow. 

Dull  orange  yellow. 


Orange  yellow. 

Orange. 

DullyeUow. 


Dull  pale  orange. 
Orange  yellow. 


DullyeUow. 

Dull  yellow ;  almost  exactly  Smyth's  yellow  No.  3. 

YeUow. 

Pretty  bright  yellow. 

Yellow. 


Greyish  yellow. 

Yellow. 

Light  yellow. 

Liffht  yellow. 

Ydlow. 

Smyth's  orange  N*.  4. 

Dull  ruddy  orange. 
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It  wiQ  be  seen  that  the  brightness  of  the  star  diminished 
with  great  rapidity  for  several  days  after  my  first  observa- 
tion, and  afterwards  more  gradnally,  and  that  on  the  26th  of 
June  it  had  sunk  to  the  9*7  magnituda  It  then  remained 
with  little  change  till  about  the  20th  of  August,  when  an- 
other rise  commenced,  and  on  the  15th  of  September  it  had 
attained  the  7*8  magnitude.  On  the  10th  and  14th  of  Octo- 
ber it  was  of  the  7'5  magnitude,  and  since  the  latter  date 
its  brightness  has  again  slightly  diminished. 

It  will  also  be  noticed  that  in  the  recent  observations  no 
mention  is  made  of  the  blue  tinge  which  formed  so  striking 
a  feature  in  the  colom*  of  the  star  for  some  time  after  its 
first  appearance.  In  connection  with  this  the  following 
extract  of  a  letter  from  Mr.  Huggins,  F.RS.,  dated  October 
13th,  win  be  interesting  to  the  members  of  the  Society. 
Eeferring  to  T  Coronse  the  writer  says,  "I  observed  its 
spectrum  on  September  16th,  27th,  28th,  and  October  8th. 
The  bright  lines  are  not  now  to  be  distinguished.  K  they 
exist  they  cannot  be  much,  if  any,  brighter  than  the  parts  of 
the  spectrum  where  they  occur.  The  observation  of  its 
spectrum  is  now  very  difficult." 

In  the  scale  of  magnitudes  I  have  employed,  the  light- 
ratio  is  2*512  ;  but  the  expression  in  magnitudes  of  the 
brightness  of  a  variable  star  gives  a  very  imperfect  idea  of 
the  nature  and  extent  of  its  changes,  and  as  any  speculations 
respecting  the  causes  of  variability  must  be  based  upon  a 
consideration  of  the  variations  in  the  intensity  of  the  light, 
and  not  in  the  magnitude  of  the  star,  I  have  calculated  the 
relative  intensities  of  the  light  of  T  Coronse  for  every  night 
of  observation,  taking  the  intensity  of  the  light  of  a  10th 
magnitude  star  as  unity.  The  residts  axe  given  in  the 
following  table : 
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iRmBnciBB  OP  THa  Lisht 

OP  T  OOBOSX 

:— 

Data. 

Ml«. 

Intensity, 

10  mag. 

beiiig=l-0 

Date. 

Mm?. 

Inten- 
sity. 

Date. 

Mag. 

Intan- 

sttjr. 

1866. 

May  15 

3-7 

331-2 

June 17 

9-6 

1-6 

Sep.  17 

7-9 

6-9 

16 

4-2 

209-0 

19 

9-5 

1-6 

22 

7-9 

6-9 

17 

4-9 

160-0 

25 

9-6 

1-4 

24 

7-8 

7-6 

18 

6-3 

75-8 

26 

9-7 

1-3 

30 

7-8 

7-6 

19 

5-6 

67-5 

July  11 

9-7 

1-3 

Oct    1 

7-7 

8-3 

1        20 

6-2 

331 

16 

9-7 

1-3 

6 

7-6 

9-1 

21 

71 

14-4 

19 

9-6 

1-4 

8 

7-6  1  9-1 1 

22 

7-4 

11-0 

20 

9-7 

1-3 

10 

7-5 

10-0 

23 

7-6 

10-0 

21 

9-6 

1-4 

14 

7-5 

10-0 

24 

7-7 

8-3 

22 

9-5 

1-6 

19 

7-7 

8-3 

26 

7-8 

7-6 

30 

9-7 

1-3 

28 

7-8 

7-6 

26 

8-0 

6-3 

Aug.  20 

9-8 

1-2 

Nov.  6 

7-9 

6-9 

29 

8-4 

4-4 

27 

9-5 

1-6 

19 

8-3 

4-8 

Jane  8 

9-3 

1-9 

31 

9-3 

1-9 

10 

9-2 

21, 

Sep.  14 

7-9    6-9 

16 

9-4 

1-7 

15 

7-8     7-6 

The  outburst  of  T  Coronse  appears  to  have  been  first 
observed  by  Mr.  J.  Birmingham,  of  Tuam,  on  the  night  of 
May  12,  when  its  brightness  was  equal  to,  if  not  greater 
than  that  of  a  Coronas,  the  magnitude  of  which  is  2*6.  The 
relative  intensity  of  the  light  of  the  variable  on  that  night 
was  therefore  not  less  thto  9121.  Comparing  this  with  the 
intensities  in  the  above  table  it  will  be  seen  that  during  the 
first  ten  days  of  the  star's  appearance  its  light  diminished 
with  extraordinary  rapidity,  the  intensity  on  the  22nd  May 
being  only  11*0  against  912*1  on  the  12th  when  first  seen 
by  Mr.  Birmingham,  and  331*2  on  the  15th  when  first  seen 
by  myself  Since  the  22nd  of  May  its  changes  have  been 
comparatively  slight  On  the  20th  of  August  the  ii^tensity 
was  at  a  miTn'TmiTn,  being  only  1*2,  or  rhsih  of  its  amount 
on  the  12th  May. 

An  inspection  of  the  curve  of  intensities  suggests  strongly 
the  idea  that  a  force  of  an  explosive  character,  such  as 
could  result  only  from  the  action  of  highly  elastic  gaseous 
matter,  had  been  in  operation  to  produce  the  sudden  increase 
and  subsequent  rapid  diminution  of  brightness  which  had 
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taken  place ;  but  as  some  of  the  well-known  periodical  vari- 
ables occasionally  exhibit  an  equal,  and  even  a  greater,  rapidity 
of  change,  this  view  cannot  at  present  be  received  with 
much  confidence ;  and  notwithstanding  the  remarkable  and 
highly  interesting  conclusions  which  Mr.  Huggins  and  Dr. 
W.  A.  MiQer  have  drawn  from  the  results  of  their  spectro- 
scopic observations  of  this  new  variable,  we  are  constrained 
to  admit  that  the  cause  of  variability  is  still  involved  in  the 
deepest  mystery. 

The  following  table  contains  the  positions  and  magnitudes 
of  the  stars  with  which  I  have  compared  T  Coronse  in  the 
course  of  its  changes.  The  positions  are  fit)m  the  "  Bonner 
Stemverzeichniss,"  and  the  magnitudes  are  from  my  own 
observations.  The  magnitudes  of  some  of  these  stars  have 
been  determined  independently  by  Mr.  Knott,  F.RA.S.,  and 
it  is  satisfactory  to  me  to  find  that  our  results  are  almost 
identical 


R.  A. 

DecN. 

No. 

star. 

1866'0 

1866-0 

Magnltade. 

1 

l3  Serpentia 

15"   39- 

29-3' 

16° 

53-1' 

3-7 

2 

y  Herculis 

16     15 

311 

19 

30-3 

3-8 

3 

y  Coroiue 

15    36 

40-0 

26 

46-6 

4-2 

4 

e  Corona 

61 

35-7 

27 

18-1 

4-3 

5 

J  Coroiue 

43 

310 

26 

31-6 

4-8 

6 

IT  Serpentis 

56 

3-5 

23 

12-3 

4-8 

7 
8 

t  Coronse... 

55 
16     20 

38-2 
14-8 

30 
37 

151 

42-7 

61 
60 

25  Heroulis 

9 

Axg.  2575  4 

•  27° 

15     56 

38-2 

27 

11 

7-6 

10 

3009 

25 

53 

23-8 

25 

51-1 

7-6 

11 

2767 

26 

55 

2-8 

26 

34-6 

7-7 

12 

2762 

26 

52 

32-8 

67-2 

7-9 

13 

2754 

26 

49 

16-8 

26-3 

8-0 

14 

3003 

25 

52 

39-3 

25 

69-6 

81 

16 

2563 

27 

52 

30-0 

27 

16-8 

81 

16              2769 

26 

55 

28-9 

26 

48-0 

8-4 

17  .          2763 

26 

52 

54-1 

33-6 

90 

18  i           2758 

26 

51 

49-5 

9-9 

9-2 

19 

2760 

26 

52 

7-3 

40-0 

9-4 

20 

2761 

26 

52 

25-4 

21-2 

9-6 

21 

2764 

26 

63 

22-3 

33-9 

10-8 
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I  may  state  that  two  of  these  stars,  Nos.  10  and  18,  have 
shown  decided  indications  of  slight  variability,  the  range  of 
variation,  so  far  as  I  have  yet  observed  them,  being  about 
four-tenths  of  a  magnituda 
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Ordinary  Meeting,  December  11th,  1866. 

Edward  Schunck,  Ph.D.,  F.R.S.,  &c.,  President,  in  the 
Chair. 

"  On  the  Recent  Suspension,  by  the  Board  of  Trade,  of 
Cautionary  Storm  Warnings,"  by  Joseph  Baxendell, 
F.RA.S. 

On  the  29th  ult  a  droular  was  issued  by  the  Board  of 
Trade,  announcing  that  the  ''cautionary  storm  warnings," 
which  have  from  time  to  time  been  issued  by  the  Meteoro- 
logical Department  of  the  Board,  would  be  suspended  from 
the  7th  day  of  December  instant  This  step,  it  appears,  has 
been  taken  on  the  recommendation  of  the  President  and 
Council  of  the  Royal  Society,  who  are  of  opinion  that  "at 
pres^ot  these  warnings  are  foimded  on  rules  mainly  em- 
pirical, and  therefore  should  not  be  issued  under  the  super- 
intendence of  the  scientific  body  to  whom  the  discussion  of 
meteorological  observations  will  be  committed."  No  attempt 
appears  to  have  been  made  by  the  Board  to  ascertain  the 
opinions  and  wishes  of  tiioee  classes  of  the  commimity  for 
whose  benefit  the  system  of  issuing  storm  warnings  was 
originated  by  the  late  Admiral  Fitzroy.  No  complaints 
against  the  system,  as  carried  out  by  the  admiral,  and  since 
his  deaUi  by  Mr.  Babington,  have  been  made  by  those  most 
deeply  interested  in  its  operation ;  nor  has  any  evidence  been 
produced  to  show  that  it  has  led  to  loss  or  inconvenience. 
On  the  contrary  it  is  very  generally  admitted  that  it  has 
been  the  means  of  saving  many  valuable  lives,  and  also  an 
amount  of  property  greatly  exceeding  in  value  the  whole 
PBOomDnrGe— Lit.  &  Phil.  Socibtt.— Vol.  VI.— No.  6— Session  1866-7. 
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cost  of  the  department  in  which  it  had  its  origin.  Whether 
the  rules  on  which  it  is  founded  are  empirical  or  not,  the 
system,  as  a  mere  commercial  speculation,  has  been  successful, 
and  it  is  therefore  difficult  to  understand  why  the  Board  of 
Trade  should  have  attached  so  much  importance  to  the 
reasons  advanced  by  the  President  and  Council  of  the  Boyal 
Society,  and  allowed  them  to  outweigh  other  £bu*  more 
important  considerations.  If  the  President  and  Council 
think  that  the  superintendence  of  the  duties  connected  with 
the  system  of  issuing  storm  warnings  would  be  derogatory 
to  the  scientific  body  to  whom  the  discussion  of  meteoro- 
logical observations  will  be  committed,  it  does  not  foUow 
that  the  system  ought  to  be  suspended  for  an  indefinite 
length  of  time,  but  rather,  that  its  management  ought  to  be 
oonunitted  to  some  more  suitably  constituted  body.  If, 
however,  it  is  intended  to  be  understood  that  the  system 
ought  to  be  discontinued  because  the  rules  upon  which 
storm  warnings  are  founded  are,  at  present,  mainly  empi- 
rical, then  it  may  be  repHed  that,  in  the  early  stages  of 
every  science,  its  rules  are  mainly  empirical;  but  it  has 
never  before  been  urged  that,  therefore,  we  ought  to  deprive 
ourselves  of  such  advantages  as  may  be  derived  from  the 
limited  amount  of  knowledge  we  may  happen  to  possess. 
The  rules  by  which  the  laws  of  magnetism  are  applied  to 
the  correction  of  compasses  in  iron  ships  are  to  a  great 
extent  empirical,  and,  in  spite  of  the  greatest  care  in  their 
application,  serious  errors  are  sometimes  made;  but  are  we 
on  that  account  to  decline  to  avail  ourselves  of  such  aid  as 
they  do  afford,  imperfect,  and  to  some  extent  imcertain, 
though  it  may  be  ?  Long  after  the  predicted  places  of  the 
moon  were  given  in  the  NcuuMcal  Alifncmac,  the  longitudes 
derived  fitjm  lunar  distances  were  often  very  considerably  in 
error;  but  no  scientific  man,  or  body  of  men,  at  that  time 
ventured  to  suggest  that  the  publication  of  the  Nautical 
AVrrujmac  ought  to  be  suspended  until  astronomers  had 
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perfected  the  lunar  theory.  The  laws  relating  to  the 
strength  of  materials  were  long  in  a  very  unsatisfactory  state ; 
but  scientific  men  did  not  urge  that,  therefore,  we  ought 
to  suspend  building  and  engineering  operations  until  these 
laws  had  been  established  on  a  strictly  scientific  basis.  It 
is  needless,  however,  to  multiply  illustrations  to  show  the 
unsoundness  of  the  principle  on  which  the  recommendation 
is  based;  and  it  requires  but  a  moderate  acquaintance 
with  scientific  methods  to  see  that  in  a  science  which  aims 
at  prediction,  its  progress  will  be  best  and  most  surely 
advanced  by  a  continuous  and  systematic  comparison  of  the 
phenomena  as  they  actually  occur  with  the  phenomena  as 
predicted  It  is  in  this  way  that  the  methods  of  aatronomy 
have  attained  their  present  high  degree  of  perfection;  and 
it  will  be  obvious,  on  a  little  consideration,  that,  if  Mr. 
Babington's  predictions  or  forecasts  of  the  weather  are 
regulary  and  systematically  compared  with  the  phenomena 
which  actually  occur,  many  points  of  considerable  interest 
will  doubtiess  often  be  brought  under  immediate  notice 
which  might  otherwise  long  escape  detection,  and  in  this 
way  an  impetus  will  be  given  to  the  progress  of  the  science 
which  could  not  be  applied  in  any  other  way,  or  by  any 
other  means. 

In  the  circular  issued  by  the  Board  of  Trade  it  is  stated 
that  the  President  and  Council  of  the  Boyal  Society  think 
that  ''in  a  few  years  the  rules  on  which  storm  warnings  are 
founded  may  probably  be  much  improved  by  deductions 
firom  the  observations  in  land  meteorology,  which  will  by 
that  time  have  been  collected  and  studied."  Now,  this 
allusion  to  land  meteorology  refers,  no  doubt,  to  a  recom- 
mendation made  in  a  letter  addressed  by  the  President  of 
the  Royal  Society  to  Mr.  Farrer,  one  of  the  Secretaries  of 
the  Board  of  Trade,  on  the  15th  June,  1865.  Mr.  Farrer 
had  informed  the  President ''  that  the  Admiralty  were  will- 
ing to  undertake,  and  to  place  in  the  hands  of  their  Hydro- 
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grapher,  all  those  observations  which  can  properly  be  made 
use  of  in  framing  charts  for  purposes  of  navigation,  but  not 
those  which  relate  to  meteorology  proper;"  and  the  Presi- 
dent, in  referring  to  this,  interprets  the  term  "  mete(HX)logy 
proper"  to  mean  merely  'Hhe  land  meteorology  of  the 
British  Islands;"  but  how  this  singular  interpretation  was 
arrived  at  is  not  stated.  He  then  goes  on  to  urge  the  desir- 
ability of  establishing  "  a  few  stations — say  six— distributed 
at  nearly  equal  distances,  in  a  meridional  direction,  from 
the  South  of  England  to  the  North  of  Scotland,  fumiahed 
with  self-recording  instruments,  supplied  from,  and  duly 
verified  at,  one  of  the  stations,  i*egarded  as  a  c^itral  station." 
This  central  station,  he  afterwards  suggests,  should  be  the 
Observatory  of  the  British  Association,  at  Kew.  Now,  it 
has  long  been  known  to  meteorologists  that  deductions 
from  observations  made  within  the  narrow  limits  of  the 
British  Islands  axe  quite  insufficient  to  lead  to  the  detection 
and  development  of  the  laws  which  regulate  those  great 
movements  and  phenomena  of  the  atmosphere  upon  which 
the  daily  changes  in  the  weather  at  any  given  station  de^ 
pend.  The  principal  meteorological  elements  of  the  British 
Islands  have  already  been  determined  with  considerable 
accuracy,  frt)m  observations  made  during  long  series  of 
years,  at  various  observatories  and  stations,  both  public  and 
private ;  and  any  minute  changes  in  their  values  that  may 
be  rendered  necessary  by  ftiture  obs^rations  with  improved 
instruments,  are  not  at  all  likely  to  have  any  sensible  in- 
fluence on  the  empirical  laws  upon  which  storm  waxnings 
have  been  based.  The  truth  is,  this  land  meteorology 
scheme  is  altogether  unnecessary  for  the  purpose  of  cor- 
recting these  empirical  laws.  It  is  not  so  much  in  the 
multiplication  of  observations  over  limited  areas,  as  in  the 
adoption  of  improved  methods  of  combining  and  treating 
observations  at  stations  scattered  8c«ne  distance  apart  over 
every  accessible  portion  of  the  earth's  surface,  that  we  must 
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look  for  new  discoveries,  and  for  the  means  of  establishing 
the  rules  of  meteorology  on  a  strictly  scientific  basi& 

The  cost  of  carrying  out  the  land  meteorology  scheme 
would  be  out  of  all  proportion  to  the  results  ever  likely  to 
be  obtained  from  it ;  and  it  woidd  be  unjust  to  the'  com- 
mercial community  to  withdraw  the  funds  which  have 
hitherto  been  so  usefully  applied  in  the  interests  of 
humanity  and  commerce,  and  devote  them  to  the  esta- 
blishment, by  an  irresponsible  body,  of  a  scheme  of  such 
doubtful  utility. 

It  will  be  evident  from  the  above  remarks  that  the 
recommendation  of  the  President  and  Council  of  the  Boyal 
Society,  from  whatever  point  of  view  it  may  be  r^arded, 
is  a  retrograde  movement,  opposed  to  the  true  interests  of 
the  science  of  meteorology,  and  likely,  if  acted  upon,  to 
retard  its  progress.  It  is  therefore  to  be  hoped  that  the 
Board  of  Trade  will  reconsider  their  decision,  and  not,  for 
light  and  insufficient  reasons,  discontinue  a  system  which, 
on  grounds  of  humanity  and  commercial  economy,  has  met 
with  the  general  approval  of  the  country,  and  is,  moreover, 
so  likely  to  contribute  materially  to  the  advancement  of  a 
popular  and  highly-4mportant  branch  of  science. 

Mr.  Thos.  Hbblis,  F.RA.S.,  urged  that  the  abolition  of 
the  cautionaiy  signals  woidd  tell  hardly  against  the  coasts 
ing  craft  and*  fishermen.  To  hscge  well-found  sea-going 
vessels,  well  provided  with  iostruments,  the  signals  were 
not  of  much  use,  but  the  case  was  very  different  with  the 
masters  and  owners  of  the  coasting  vessels  who  were  unable 
to  afford  instruments.  He  instanced  the  case  of  the  colliers 
which  supply  the  large  steamers  at  Southampton  with  coal 
brought  from  the  south  Welsh  ports.  These  vessels  have  to 
make  all  their  passages  fit)m  Southampton  to  the  westward 
in  ballast,  and  it  is  of  the  utmost  importance  to  them  not  to 
be  caught  by  a  gale  from  the  southward  between  Plymouth 
or  Fahnoutfa  and  the  Land's  End.    He  was  not  aware  that 
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any  complaints  as  to  the  inefficiency  of  the  storm  warnings 
had  been  received  from  the  masters  of  coasters,  and  con- 
sidering the  amount  of  capital  and  nimiber  of  hands 
employed  in  the  trade,  and  the  fact  that  they  had  no 
powerful  organ  to  advocate  their  views,  he  thought  that 
their  interests  deserved  consideration,  and  feared  that  they 
had  been  overlooked.  The  saving  of  life  should,  especially 
at  present  when  so  many  complaints  are  current  about  the 
deficiency  in  the  supply  of  seamen,  be  a  great  object,  even 
if  such  saving  were  effected  by  empirical  means.  Mr. 
Heelis  had  no  confidence  in  the  prospect  of  improving  the 
meteorology  of  the  coast  by  observations  inland.  He  rather 
advocated  the  improvement  of  the  land  meteorology  by 
observations  on  the  coast ;  and  he  had  noticed  a  decided 
improvement  of  late  in  the  storm  warnings.  Having  been 
engaged  in  a  yachting  cruise  on  the  Cornish  coast  during 
the  months  of  August  and  September  last,  he  had  paid  a 
good  deal  of  attention  to  the  signals,  and  had  never  seen 
them  hoisted  without  the  forecast  being  speedily  verified. 

Mb.  Binney,  F.RS.,  stated  that  Professor  H.  R  Goeppert, 
the  renowned  Qerman  botanist,  had  lately  described  a  fossil 
plant  under  the  name  of  Apkyllostackys  Juglericma,  which 
he  classed  in  the  group  of  C(d(mia/rienj  and  stated,  with 
some  degree  of  doubt,  that  it  probably  belonged  to  the 
lias  formation  of  Hanover.  The  specimen  had  been  in  his 
possession  fifteen  years,  and  he  says,  "  In  spite  of  the  lively 
interest  which  it  created  on  nearer  examination,  still  its 
relation  to  other  plants  of  the  former  and  present  world 
remained  doubtful,  so  that  I  often  laid  it  aside  for  time 
to  give  me  further  information.  Since  this  hope  has  so  far 
not  been  realized  I  do  not  fail  in  making  it  pubUc  at  last^ 
with  the  wish  that  others  guided  by  deeper  insight  may 
succeed  better  than  I  have  done  in  its  explanation."  The 
author  alluded  to  the  resemblance  of  the  fossil  to  the  fructi- 
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fication  of  certain  coal  measure  plants,  particularly  to  the 
Volkmcmnia  sesailia  of  PresL  Mr.  Binney  said  he  had  in 
his  cabinet  two  specimens  showing  organs  of  fructifica- 
tion very  similar  to  those  described  by  Professor  Goeppert, 
and  evidently  closely  allied  to  them.  These  specimens  were 
from  the  carboniferous  strata  of  Great  Britain,  one  from  the 
mountain  limestone  of  North  Wales,  and  the  other  from 
the  upper  coal  measures  at  Ardwick,  near  Manchester,  so 
in  all  probability  the  learned  Professor's  specimen  came 
from  carboniferous  and  not  liassic  strata.  The  fossil  is 
the  fructification  of  some  species  of  calcmdtea,  according 
to  the  opinions  of  the  best  fossil  botanists  of  the  day. 

Mr.  W.  L.  Dickinson  communicated  a  paper  containing 
the  results  of  calcidations  relative  to  the  Occultation  of  the 
star  Aldebaran  by  the  Moon,  January  16,  and  to  the  Eclipse  of 
the  Sun,  March  5,  1867,  visible  here.  The  calculations  have 
been  made  for  the  observatory  of  Robert  Worthington,  Esq., 
F.RA.S.,  Crumpsall,  near  Manchester,  Lat.  63"  30'  600''  N., 
Long,  (fi^  8"*  56'16*  W.  The  elements  used  in  the  computa-> 
tions  have  been  obtained  from  the  Nautical  Alma/nac. 

The  Occultation  of  the  star  o  Tauri  (Aldebaran)  by  the 
Moon,  January  16,  1867 :  — 


Disappearance 
Reappearance. 


StderaaTfine 
ObMnrmtoxy. 


2h  57«  1- 
4*^  10«  6- 


MMikTIme 

at 
ObMrratory. 


7*^  13"^  68" 
8*^  26«  60- 


MeanTimA 

at 
Qreenwloh. 


K.Point. 


7h  22«  54:' 
S^  36"  46- 


-AnjFi^  flpom 


100° 


Verter 


8r 

280° 


The  Angles  are  reckoned  towftrcU  the  right  hand  round  the  circamferenoe 
of  the  Moon's  image  as  seen  in  an  inyerting  telescope. 

The  Annular  Eclipse  of  the  Sun,  March  5,  1867,  is  visible 
as  a  partial  one  at  the  observatory,  and 

Begins  20^  19"*  65*  mean  time  at  GreenwicL 

Greatest  Phase  21^  32"*  33»      „ 
Ends 22>»50"*24»      „ 
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Magnitude  of  the  Eclipse  (Sun's  diameter =1)  0-721. 

i  first  contact,  125°  towards  the 
West 
last  contact,  84°  towards  the 
.     East 
/  first  contact^  93°  towards  the 

\      West 
Angle,  from  Vertex,  of...  s  ^  ^^^  ^^o  ^^^  ^^ 

^      East 
for  direct  image. 

''Notes  on  Varieties  of  Sarothanmus  Scoparius,  Koch., 
and  Stachys  Betonica,  Benth.,  fix)m  the  Lizard,  ComwalL" 
By  Charles  Bailey,  Esq. 

The  Lizard  district  has  long  been  known  to  be  singu- 
larly prolific  in  critical  and  rare  British  plants;  and  ^e 
purpose  of  this  communication  is  to  draw  the  attention  of 
botanists  to  what  appear  to  be  two  undescribed  but  well- 
marked  forms  of  the  plants  whose  names  are  placed  at  the 
head  of  this  notice,  and  which  are  found  in  that  district 

1. — Sa/rothcmmus  acopa/riua,  Koch,,  var. 

It  is  only  in  recent  years  that  this  plant  has  been  ad'* 
mitted  a  Cornish  species,  Mr.  H.  C.  Watson,  in  voL  L  of  his 
"  Cybele  Britannica,"  p.  274,  giving  Devon,  Isle  of  Wight, 
and  Kent  as  its  most  southern  Umit;  but  in  the  additions 
included  in  voL  iii  of  the  same  work,  Mr.  Watson  states 
(p.  404)  that  "  the  south  limit  extends  to  Cornwall,  accord- 
ing to  Mr.  Gibson  and  Mr.  Pascoe" — ^no  details,  however, 
being  given  as  to  the  precise  part  of  ihe  county  in  which 
it  occurs.  The  specimen  exhibited  was  found  growing  in 
small  patches  on  the  cliffs  of  serpentine  rock  about  VeUan 
Head,  situate  about  four  miles  north-west  of  the  Lizard 
Lights,  and  it  differs  from  the  normal  form,  here  named 
var.  a,  in  the  following  characters  • — 
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Vax.  a,  erecta. — Stems  erect,  bushy;  leaves  stalked,  the 
petioles  as  long  as,  or  longer  than,  the  leaflets ;  leaflets 
eUiptical-obovate,  bluntislL 
Var.  /3,  prostrata, — Stems  prostrate,  spreading;  leaves 
shortly  stalked  or  sessile;  leaflets  ovate-^^mte,  acu- 
minate. 
The  Cornish  form,  here  named  /3,  prostrata^  differs  from 
the  normal  plant  chiefly  in  its  habit  of  growth,  which, 
instead  of  being  erect  and  bushy,  is  remarkably  prostr^, 
the  branches   spreading  out  in  fan-shaped   patches,  and 
growing  flat  upon  ih^  ground;  the  brapohes,  .particuJar^ 
in  the  upper  half,  are  densely  clothed  with  short  ^readJiog 
hairs;  the  leaves  have  shorter  stalks,  with  a  greater  ten- 
dfdncy  to  suppress  the  two  lateral  leaflets,  the  mtyority  of 
the  leaves,  in  fgict,  being  unifoliate;  the  pods  are  less  num^ 
rous,  have  their  dorsal  and  ventral  sutures  covered  with 
long  silky  hairs,  and  are  black  rather  thao  brown,  shorter, 
and  have  fewer  seeda 

The  season  T^as.  too  far  advanced  for  any  flpwers  to  be 
met  with,  either  on  Yellan  Head  or  in  the  small  valley 
running  down  fix>m  JoUytown — ^the  cmly  other  locality  in 
Cornwall  where  the  plant  was  observed 

IL—^Stachya  Betonica,  Bentham  var. 

Of  this  plant  three  weU-marked  forms*  have  been  de- 
scribed :  a,  Betonica  hirta,  BeicL ;  6,  B.  aersti/na,  Host ;  and 
c,  B.  etricta,  Ait ;  and  in  many  respects  the  form  about  to 
be  described  agrees  with  the  first  of  these  forms.  In  Mr. 
Babbington's  Manual  (ed.  v.,  p.  261)  it  is  stated  that  "the 
English  plant  has  the  round  crenate,  not  emarginate,  lower 
lip  of  B.  hvrta  (R);"  but  Professor  Boreau  is  of  opinion 
that,  while  the  three  forms  just  named  preserve  their  re- 
markable differences  of  aspect  when  cultivated  together,  the 
distinctive  characters  furnished  by  the  divisions  of  the 
corolla  are  but  slightly  co^stant  (Flore  d/ii  Cmtre  de  la, 
Frcmoe,  &c,  ed  iii>  voL  ii^  p.  530.) 
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Stems  decumbent,  numerous,  radiating  from  the  root- 
stock,  square  above,  rounded  below,  clothed  with  many 
short  hairs,  which  are  closely  appressed  in  the  upper  part 
and  pointing  downwards,  those  in  the  lower  part  more 
spreading,  but  stiU  much  reflexed;  spikes  slightly  inclined, 
just  raised  above  the  ground,  compressed-globose,  the  ver- 
ticils many-flowered,  never  distant;  calyx  covered  with 
straight  hairs,  the  sepals  ending  in  stiff  points;  corolla 
three  times  longer  than  the  calyx,  the  exterior  covered 
with  scattered  shaggy  hairs,  which  are  long  and  silky  at 
the  base  of  the  tube,  but  becoming  shorter  and  more  scat- 
tered as  they  approach  the  lip;  opening  of  the  mputh  very 
wide,  lower  lip  crenate,  wavy;  lower  leaves  on  long  stalks, 
cordate  at  the  base,  oblong,  regularly  crenate,  glandular  on 
the  under  surface,  with  short  scattered  hairs,  upper  leaves 
lanceolate  on  short  stalka 

Specimens  of  B.  hiHa,  Reich.,  have  not  come  under  my 
notice,  nor  have  I  been  able  to  meet  with  Beichenbach's 
diagnosis;  but  the  form  described  above  seems  to  agree 
very  nearly  with  Professor  Boreau's  description  of  that 
plant,  which  is  here  appended  for  the  sake  of  comparison : 
"Stem  clothed  with  many  short  stiff  hairs;  leaves  with 
soft  long  hairs,  very  distinctly  crenate;  spike  short,  inter- 
rupted ;  calyx  softly  hairy  at  the  summit;  lower  lip  of  the 
corolla  rounded  crenate."  (Flore,  &a,  loc.  dt.)  Mr.  Bentham 
in  his  LoMcUa/nvm  genera  et  apecies,  p.  532,  gives,  amongst 
the  synonyms  of  his  Stachya  Betonica,  ^Betonica  hirta, 
Leyss.,  Reichb.,  Icon.,  Bot.  Eur.  8,  4,  t.  711,"  which  may  be 
identical  with  B.  ki/rta,  Reich. ;  but  the  only  reference  to 
it  which  I  have  met  with  is  in  Dr.  Qarke's  Flora  von  Nord- 
v/tuJrMittel  Deviachla/ndy  where  it  is  shortly  described  as 
"  Var.  a,  hwta,  Leyss. —  Stem  with  short  hairs,  calyx  rough- 
haired."     (Ed.  vi,  p.  318.) 

The  Cornish  form  is  very  plentiful  on  the  cliffs  of  "  Killas" 
rock,  lying  between  Caerthilian  and  the  Lizard  Lights,  grow- 
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ing  with  Genista  ti/nctoria,  L.,  var.  hwnhifuaa,  Dicks.,  which 
it  much  resembles  in  habii  The  same  form  is  also  met 
with  in  several  other  parts  of  South-Western  Cornwall,  as 
at  Cuddan  Point  and  the  Mount's  Bay  district  generally. 

The  above  communication  was  preceded  by  a  few  remarks 
on  the  following  plants  of  South-Westem  Cornwall,  speci- 
mens of  which  were  exhibited  at  the  meeting : — 

Rapbanus  maritimus,  Sm. Cliffs  under  the  Lizard  Lights. 

Brassica  alba^  L „  „  „ 

Arenaria  vema,  L.,  var.  /3,  Gerardi 

Willd Rocks  at  Rill  Head. 

Spergularia  nipestris,  Leb^  non 

Camb Nanjissal  Bay,  Land's  End ;  plen- 
tiful 

Tamarix  Anglica,  Webb Mount's  Bay. 

Lavatera  arborea,  L. .....Cliffs,  Newlyn. 

iTrifolium  subterraneiun,  L.  Penzance. 

„         scabrum,  L „ 

Anthyllis  vulneraria,  L.  (a  very 

robust  form)  Porthgwarra,  Land's  End. 

Anthyllis  vulneraria^  L.,  var.  /3, 

Dillenii,  Sohult Forming  the  herbage  on  the  sandy 

downs  above  Whitaand  Bay,  and 
common  elsewhere. 

Genista  pilosa,  L.  Gue  Graze. 

„       tinotoria,  L.,  var.  /3,  hu- 

mifusa,  Dicks Plentiful  between  Caerthilian  and 

the  Lizard  Lights. 

Illecebrum  verticillatum,  L. Madron  parish. 

Hemiaria  glabra,  L.  Common  at  the  Lizard. 

Valerianella  olitoria,  Monch Fields,  Sennen  Cove. 

„  dentata^  Koch  „  „  „ 

Wahlenbeigia  hederacea    St  Paul,  andgenerally  distributed. 

Erica  vagans,  L Gomhilly,  Pradannack,  and  Lizard 

Downs. 
„    dliaris,  L Edgecombe  Downs,  Garolew. 
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ErytfanM  polohdky  Fries Moimt's  Bay. 

^        oentanrhmiy  Pen. A8tantedbroad-leftTedfonii,froiii 

Forth  Camiiow  (non  £.  U^ 
folia^  Sm.) 

„        littoralifli  Fries  Moanfs  Bay. 

Saythorpia  Earopm,  L. St  Madron's  Well 

Ldnaria  datine^  M'^ MarasioiL 

Allium  sibiricum,  L. Rill  Head 

Asparagus  of&diialiB,  L.  (Q    „ 

Asplenium  lanoeolatum,  Huds  ...Whitaand  Bay. 

"Notes  on  Wood-Feeding  Coleoptera^"  by  Joseph  Sidb- 

BOTHAM,Esq. 

The  number  of  species  of  ooleoptera  that  feed  upon  wood 
in  this  country  is  considerable,  some  attacking  growing 
trees,  others  when  cut  down  or  partially  decayed,  others 
attack  solid  timber  when  cut  up  and  used  tor  buildings  or 
fumitura  The  various  species  are  not  confined  to  one  or 
two  of  the  great  divisions,  but  are  to  be  found  scattered 
through  most  of  ^esn,  being  found  in  the  sections  Necro- 
phaga  Lamiell/icornes,  Stemoxi,  Malacoderniata,  Shynoo^ 
fhcnUy  and  Langicomes,  Ac. 

As  might  be  expected,  their  modes  of  attack  on  trees  are 
as  varied  as  their  organisation,  and  their  study  is  one  <^ 
great  interest  to  naturalists,  besides  being  of  the  greatest 
importance  to  the  owners  of  plantations  and  forests.  Some 
species  mine  in  the  bark,  others  between  the  bark  and  the 
solid  wood,  others  in  roots  and  branches,  and  there  are  few, 
if  any,  of  our  native  trees  that  are  not  liable  to  attacks  firom 
one  or  more  specie& 

The  amount  of  damage  done  to  a  forest  when  a  few 
species  get  fairly  established  in  it  is  very  great,  and  too 
often  the  woodpeckers,  whidi  would  assist  in  checking  thedr 
ravages,  are  destroyed,  because  they  bore  holes  in  the  trees 
to  get  at  tiift  iaseots. 
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At  the  present  time  the  fine  spruces  in  Dunham  Park  aj^ 
being  rapidly  destroyed  by  one  of  the  large  weevils  Hylo- 
biua  ubietis,  and  many  sdn  trees  by  a  small  species  mining 
in  the  bark,  Eylemms  fraaim.  In  the  valley  of  the  Spean 
in  Perthshire  the  alder  trees  are  being  destroyed  by  the 
larvee  of  BtenocHrua  HfernsiaJtwrn.  They  begin  the  work, 
which  is  joined  in  by  some  smaller  spedes,  to  such  effsci 
that  you  may  see  there  trees,  30  inches  in  diameter,  through 
which  you  can  thrust  a  walking  stick* 

A  short  time  ago  I  accompanied  a  Mend  to  his  fishing 
cottage,  in  the  north  of  Lancashire;  It  had  been  closed  up 
for  a  UtUe  time,  and  the  chairs  and  tables  had  been  attacked 
by  Anobmm  striatwm^  and  altiiough  in  appearance  quite 
perfect,  when  touched  almost  crumbled  to  dust 

I  bring  for  exhibition  a  piece  of  bark  mined  by  two 
species  of  beetle,  of  great  int^eet  to  entomologists,  HyleevnnAa 
viMatna  and  Nemosoma  eUmgaia.  The  latter  species  was 
taken  in  1833  by  Mr.  Ingall,  at  Sydenham,  and  since  then 
it  has  not  been  met  with,  except  about  three  spedmens^ 
until  the  spring  of  this  year,  when  my  Mend  Dr.  Power 
found  it  in  Warwickshire  and  investigated  its  habits,  pub- 
lishing an  account  in  the  Entomologist  From  his  observa* 
tions  he  ascertained  that  this  species  feeds  on  the  larvae  of 
Eyleainus  vUtatua,  carrying  its  galleries  4icross  so  as  to 
intercept  and  devour  them.  Having  myself  once  found  the 
Hyleainus  in  some  old  railings  at  Beeston,  near  Nottingham, 
when  I  was  at  the  British  Association  meeting  in  August  I 
again  visited  the  place,  and  after  careful  search  found  some 
specimens  of  the  rare  NemoaoTOXi  in  its  mines  across  the 
tracks  of  Hylesmua.  The  portion  of  bark  exhibited  will 
show  the  mines,  and  the  carded  specimens  wUl  show  the  two 
speciea 

Stevens  mentions  Colwich  near  Nottingham,  on  the 
authority  of  Dr.  Howitt,  as  a  locality  for  Nemoeoma;  so  no 
doubt  by  careful  search  it  may  be  found  in  many  other 
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places  around  Nottingham.  I  also  exhibit  some  bits  of 
oak  branches  Jfrom  Dunham  mined  by  Scolytua  i/rUricatus, 
and  a  few  other  species  of  wood-boring  coleoptera  found 
in  this  neighbourhood,  with  portions  of  wood  attacked  by 
tiiem. 

ScoVytua  destructor,  the  spedes  which  has  been  so  destruc- 
tive to  ehn  trees  near  London  and  Paris,  is  not  common 
here,  probably  in  some  measure  because  UVmus  camypestris 
is  not  one  of  our  common  trees. 

To  the  entomologist  the  investigation  of  the  specific  differ- 
ences, the  habits  and  instructs,  and  the  peculiar  conforma- 
tion of  these  creatures  to  adapt  them  to  their  mode  of  life, 
are  sources  of  great  pleasure,  but  he  is  at  the  same  time 
more  impressed  with  the  enormous  amount  of  damage  they 
inflict  than  an  ordinary  observer,  and  also  with  the  want  of 
knowledge  of  those  who  are  interested  in  the  preservation 
of  our  woods  and  forests.  It  may  happen  that  the  removal 
of  a  tree,  or  even  a  branch,  when  attacked  by  a  particular 
species,  may  save  a  forest,  but  it  must  be  done  at  the  proper 
time,  so  as  to  destroy  the  insects  with  it  before  they  can 
escape  to  propagate  their  species,  and  it  certainly  ought  to 
be  part  of  a  qualification  for  a  forester  or  park  keeper 
that  he  should  know  the  life  history  of  these  wood-boring 
beetles  and  the  plans  that  have  been  adopted  for  their 
destruction. 
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Ordinary  Meeting,  December  26ih,  1866. 

Edward  Schunck,  Ph.D.,  F.RS.,  President,  in  the  Chair. 

Mr.  Peter  BL^lrt  exhibited  a  piece  of  lead  pipe  fix)m  the 
Ardwick  Bridge  Chemical  Works,  coated  internally  with 
oxide  of  manganese.  The  pipe  was  one  inch  in  diameter, 
and  the  thickness  of  the  coating  of  oxide  of  manganese  was 
about  a  quarter  of  an  inch.  The  oxide  has  not  been  minutely 
examined,  but  it  consists  no  doubt  largely  if  not  wholly  of 
the  hydrated  peroxide,  as  it  evolves  chlorine  in  quantity 
when  gently  heated  with  hydrochloric  acid  The  water 
used  in  the  works  is  collected  in  tunnels  cut  in  the  red 
sandstone,  and  there  is  no  doubt  that  the  source  of  the  man- 
ganese is  the  reAise  chloride  from  the  chlorine  stills  situated 
almost  immediately  over  one  of  the  tunnels.  A  portion  of. 
this  chloride,  having  filtered  through  the  sandstone,  has 
oome  into  contact  with  the  bicarbonate  of  lime  in  the  water, 
ddoride  of  calcium  and  carbonate  of  manganese  have  resulted, 
which  latter  body,  by  after  contact  with  oxygen,  has  become 
wholly  or  partially  converted  into  peroxide. 

"  On  some  recent  observations  on  the  Specific  Gravity  of 
Sea  Water,"  by  Thobias  Heelis,  F.RA.S. 

The  author  had  in  the  course  of  several  long  voyages 
accumulated  a  number  of  observations  on  this  subject,  all  of 
which  were  made  at  sea  with  the  hydrometer.  On  coming 
to  examine  and  reduce  his  results,  he  had  referred  to  a 
paper  by  the  late  Professor  Forchhammer  of  Copen- 
hagen, published  in  the  Philosophical  Transactions.  The 
PBoanDiHGi— Lit.  k  Phil.  Sooutt,— Yol.  VL— No.  7— Snsioir  1866-7 
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results  arrived  at  by  the  Professor  differed  so  much  from 
those  obtained  by  the  author  that  a  careful  examination 
of  the  Professor's  paper  became  necessary  before  any 
progress  could  be  made  in  the  reduction  of  the  author's 
observations,  as,  if  the  results  of  the  Professor  were  correct^ 
the  observations  must  involve  such  errors  that  their  reduc- 
tion would  be  useless.  The  examination  was  therefore 
undertaken,  and  was  extended  to  the  results  of  the  Ameri- 
can observations,  which  are  shown  in  a  curve  given  among 
tile  plates  to  Maury's  Physical  G^graphy  of  the  Sea  (9th 
^tion).  The  American  observations  were  found  to  accord 
with  those  of  the  author  and  to  differ  from  the  results  obtained 
hy  the  Professor  to  an  extent  in  some  cases  of  one  per  cent 
of  the  total  salinity.  The  apparent  cause  of  the  discrepancy 
deemed  to  be  the  length  of  time  during  which  some  of  the 
Pi^fesBor's  specimens  were  kept  before  being  subjected  to 
ibnalysis,  the  paper  in  the  Philosophical  Transactions  showing^ 
Aiat  in  one  case  at  least  this  interval  amounted  to  some 
twenty  years.  A  further  examination  of  the  patper  showed, 
i*»  the  author  conceived^  great  errors  in  arrangement^  aiKl 
especially  in  the  determination  <^  the  areas,  all  the  water 
taken  in  which,  was  assomed  to  be  from  the  same  region, 
and  all  the  results  of  which  speennens  were  iaiduded  ia  a 
oemmon  average.  There  was  a  strange  defidenxy  in  the 
db^rvwtions  fbr  certain  r^p«ftis,  but  the  boismdary  lines  o^ 
the  areas  were  so  arranged  that  the  Quif  Stream  wis 
included  in  three  regions,  the  L'Agulhas  current  in  two, 
and  the  Equatorial  cuirent  in  two  at  least ;  so  that  if  die 
results  had  not  been  di«twn  from  too  few  specimens,  the 
elfect  of  the  high  specific  gravity  of  these  currents  would 
ba^ve  been  entirely  mAsked  by  the  observations  of  oikst 
HM^  not  the  subject  of  current,  but  included  in  the 
aHrerages  as  belonging  to  the  same  regions.  As  it  was,  the 
sattCke  result,  viz^  the  disdppeavailoe  of  the  effbct  on  ite 
a^i^e  of  eaob  region  of  the  high  specific  gravity  of  the 
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ifaleiB  of  theae  cuxrents  was  found  to  occur  because  of  the 
small  number  of  observations  in  the  currents^  th^e  being' 
only  one,  for  instance,  of  the  L'Agulha»  current,  and  this 
obe  beong masked  in  theaverage  of  the  Indian  Ocean  region> 
the  specific  gravity  of  paart  of  whidi,  as  is  well  known,  is 
reduced  by  the  fresh  water  of  the  large  Asiatic  rivers. 


PHOTOaBAPHIOAL  SEOTION. 

December  18th,  1866. 

J.  Baxendell,  F.RJLS.,  Vice-President  of  the 
Section,  in  the  Chair. 

ICr.  GooTB  exhibited  a  frame  for  printing  transparencies 
on  g^ass,  of  which  the  following  is  a  description  : — 

Aft  frames  for  prinidng  transparencies  tor  the  lantern  und 
stereoscope  have  occupied  some  little  attention  of  late,  in 
the  Britiah  Jawmal  of  Phai)ography,  I  thought  it  might  be 
useM  to  submit  to  the  ijospection  of  the  meeting  to-night 
one  that  I  had  made  last  winter  for  printing  stereo-trans- 
parencies from  negatives,  on  plates  TJin.  by  4Jin.,  the  size 
I  always  use  on  account  of  being  able  to  take  single  pic- 
tures in  the  same  camera.  The  frame  is  the  same  in  prin- 
ciple as  the  usual  frame  for  printing  transparencies  by 
superposition,  and  without  having  to  cut  either  negative 
or  print  by  simply  moving  the  prepared  plate  and  negative' 
to  the  right  and  left  in  opposite  directions  alternately ;  but 
it  is  a  little  longer,  and  4Jin.  broad  inside.  The  opening 
for  exposure  is  in  the  centre,  but  is  made  longer  than  is 
required  for  a  stereo  print  Over  this  opening  I  place  a 
mat  made  of  thin  brass,  the  desired  size  and  shape  of  the 
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picture  required.  This  mat  is  sunk  into  the  bed  of  the 
frame  until  it  is  quite  level  with  it.  A  n^ative  is  then 
put  in,  and  by  moving  the  mat  up  or  down  in  its  recessed 
bed,  jou  can  get  more  sky  or  for^round  at  will,  and 
the  movement  right  and  left  gives  you  any  other  por- 
tion of  the  picture  you  may  desire.  Having  settled  that 
point,  I  then  place  on  the  negative  a  straight  strip  of  soft 
cardboard,  wide  enough  to  reach,  within  about  an  eighth  of 
an  inch,  the  bottom  of  the  opening  in  the  mat ;  and  then 
place  on  the  prepared  plate,  which  is  kept  in  a  horizontal 
position  by  resting  on  the  strip  of  cardboard ;  and  it  also 
enables  you  to  get  the  two  sides  of  the  picture  exactly  on  a 
level  with  each  other  after  reversing,  to  close  the  frame.  A 
loose  back,  with  a  brass  spring  on,  is  put  in,  and  a  small 
lever  bar  brought  down  over  the  spring  and  held  in  its 
position  by  a  small  catch.  It  is  necessary  to  have  several 
stripe  of  cardboard,  varying  in  width,  and  it  will  be  obvious 
to  any  one  that  they  must  not  exceed  in  thiokneffl  the  glass 
of  the  prepared  plates,  otherwise  the  pressure  of  the  back 
is  kept  off  the  glass  and  the  plates  are  not  in  dose  contact 

By  use  of  this  frame  I  can  easily  take  out  for  the 
lantern  portions  of  pictures  taken  the  full  size  of  the  plate^ 
say  7iin.  by  4^in.,  whether  tiie  subjects  be  horizontal  or 
upright 

Mr.  Dakcer  then  exhibited^  by  means  of  the  oi^hydrogen 
lantern,  a  very  beautiful  series  of  views,  by  Mr.  Buxt(»i, 
representing  scenes  in  Scotland,  ^gyp^  India^  &a;  and  also 
views  in  Derbyshire,  Cheshire,  and  other  places^  by  Mr. 
Ooote  and  Mr.  Brothers. 
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Ordinaiy  Meeting,  Janiiaiy  8tli,  1867. 

Edward  Schunck,  Ph.D.,  F.R.S.,  &c.,  President,  in  the 

Chair. 

Ml-.  BiNNEY,  F.RS.,  F.Q.S.,  exhibited  two  remarkable  fos- 
sils discovered  by  Mr.  Joseph  Tindall,  of  Thomas  Street, 
Huddersfield,  in  the  lower  coal  measures  near  that  town. 
One  was  an  insect,  and,  according  to  Mr.  Tindall,  belonged 
to  Dr.  Dawson's  genus  Xylohiits  and  probably  to  his  species 
Sigilldriw.  It  was  found  in  an  old  deep  mine  at  Cooper 
Bridge,  and  is  the  first  instance  of  a  specimen  of  that  genus 
having  been  met  with  in  England.  The  other  bore  some 
resemblance  to  the  pupa  state  of  a  coleopterous  insect,  not 
much  unlike  the  pupa  of  a  nut  Aveevil  or  some  such  insect. 
It  was  found  in  the  Cinderfield  Dyke  Pit  at  Bradley,  near 
Huddersfield.  These  specimens  give  us  evidence  of  the 
former  existence  of  insect  life  during  the  corboniferous  epoch 
which  a  few  years  since  we  should  scarcely  have  expected ; 
but  after  the  discovery  of  a  fossil  spider  in  the  German  coal 
measures  sc^ircely  to  be  distinguished  from  a  recent  genus,  we 
must  expect  great  iidditions  to  be  made  to  the  carboniferous 
faumty  as  doubtless  the  rich  and  luxuriant  vegetation  of 
that  remote  period  would  afford  food  and  shelter  for  nume- 
rous insects. 

I.  "  On  the  amount  of  Carbonic  Acid  contained  in  Hen 
Ah,"  by  T.  E.  Thorpe  (Dalton  Scholar  in  the  Labomtory 
of  Oweas  College),  communicated  by  Professor  H.  E.  Roscoo, 
F.R.S.,  &c. 

With  the  exception  of  the  results  of  some  determinations 
already  communicated  to  the  Society  by  the  author,  the 
PEOOEEDiNas— Lit.  &  Phu.  Sooiett.— Vol.  VI.— No.  8— Session  1866-7. 
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only  series  of  determinations  hitherto  published  of  the 
amoxint  of  carbonic  acid  contained  in  the  air  above  the  ocean 
are  those  of  Lewy.  At  the  request  of  the  French  Academy, 
Lewy,  in  1848,  collected  the  air  of  the  Atlantic  at  different 
tunes  during  a  voyage  from  Havre  to  Santa  Marta,  and 
determined  the  proportion  of  its  three  principal  constituents 
in  the  eudiometric  apparatus  of  Begnault  and  Reiset  The 
mean  composition  of  the  air  of  the  Atlantic  from  Lewy's 
analyses  is  in  10,000  volumes, 

Carbonic  Acid 4-630 

Oxygen    2102750 

Nitrogen 7892-620 


10000-000 

These  numbers  differ  but  slightly  from  those  usually  given 
as  representing  the  average  composition  of  the  atmosphere 
of  the  land,  but  on  examining  the  experimental  details  of 
Lewy's  analyses  it  appears  that  the  air  of  the  day  was  found 
to  be  considerably  richer  in  carbonic  acid  and  oxygen  than 
the  air  of  the  nighi  The  following  are  the  means  of  each 
series : — 

The  Paj  (7  Expts).         The  Kight  (4  Sxpts). 

CorbonicAcid 5-299  3-459 

Oj^gen  2105-801  2097412 

This  remarkable  difference  appeared  to  become  greater  as 
the  middle  of  the  ocean  was  approached,  where  the  air  of 
the  sea  was  less  liable  to  be  mixed  with  that  of  the  land. 
These  singular  diurnal  variations  in  the  composition  of  the 
atmosphere  of  the  sea  are  ascribed  by  Lewy  to  the  evolution, 
and  consequent  admixture  with  the  superincumbent  air, 
during  the  day  time,  of  dissolved  gases  from  the  heated 
surface-layers  of  the  sea,  such  gases  being  considerably  richer, 
as  is  well  known,  in  oxygen  and  carbonic  acid  than  ordinary 
air.  During  the  night,  on  the  other  hand,  the  disengagement 
of  gas  is  supposed  to  be  arrested.     Morren,  and  subsequently 
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Lewy,  have  shoTm  that  the  changes  in  the  relative  amounts 
of  the  several  gases  held  in  solution  in  sea^water  depend : — 
(1)  upon  the  variations  in  intensity  of  direct  and  difiused 
solar  light,  producing  a  corresponding  eflTect  upon  the  vitality 
of  sea  plants  and  animals ;  and  (2)  upon  the  alterations  in 
temperature  aflfecting  the  relative  amounts  of  the  dissolved 
gases  in  accordance  with  the  known  laws  of  gaseous  absorp^ 
tion.  Consequently  if  such  cases  can  at  all  influence  the 
composition  of  the  atmosphere  of  the  sea  it  is  reasonable  to 
expect  that  the  variations  would  be  most  perceptible  in  the 
air  above  the  tropical  oceans,  in  whose  tepid  waters  infusoria 
exist  in  enormous  quantities,  and  where  the  intensity  of  total 
sunlight  is  very  great  and  its  changes  exceedingly  rapid. 

It  would  then  appear  fi*om  Lewy's  experiments  that  sea- 
air  is  sensibly  richer  in  carbonic  acid  than  the  air  of  the 
land,  and  that,  contrary  to  the  a  priori  statements  of  Vogel 
and  Krliger  sea- water  does  notr  abstmct  the.  carbonic  add 
from  the  air,  but  even  causes  a  sensible  increase  in  its  com- 
parative amount  Considering  the  difficulty  generally  ex- 
perienced in  accurately  noting  in  the  eudiometer  contractions 
so  minute  as  the  absorption  of  the  carbonic  acid  from  a 
small  volume  of  atmospheric  air,  it  appeared  desirable  to  test 
the  validity  of  the  above  conclusions  by  a  series  of  experi'. 
ments  made  by  one  of  the  more  convenient  and  accurate 
methods  which  we  now  possess  for  the  estimation  of  atmos- 
pheric carbonic  acid. 

In  a  paper  which  had  the  honour  of  being  read  before  the 
Society,  the  author  communicated  the  results  of  a  series  of 
determinations  of  the  amount  of  carbonic  acid  contained  in 
the  air  over  the  Iiish  Sea.  All  these  determinations  were 
made  by  Pettenkofer's  method,  according  to  which  the 
amount  of  atmospheric  carbonic  acid  can  be  estimated  with 
far  greater  accuracy  than  by  any  eudiometric  method 
hitherto  described.  The  details  of  the  method  of  analysis 
were  ftiUy  described  in  the  paper  above  referred  to.     The 
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experiments  on  the  air  of  the  Irish  Sea  were,  by  the  kind 
permission  of  the  Honorable  Board  of  Trinity  House,  made 
during  the  month  of  August  1865,  on  board  the  "  Bahama 
Bank"  light  vessel,  situated  in  Lat.  54°  21'  N,  and  Long.  4° 
11'  W,  seven  miles  W.N.W.  of  Ramsey,  Isle  of  Man,  and 
consequently  nearly  equidistant  fi'om  the  shores  of  England, 
Scotland,  and  Ireland.  The  times  of  obsei-vation  were  4  am. 
and  4  p.m.,  the  hours  of  nearly  minimum  and  maximum 
temperature,  when  it  was  assumed  that  any  differences  in 
the  air  of  day  and  night  similar  to  those  observed  by  Lewy 
over  the  Atlantic  Ocean  would  be  most  perceptible.  It 
appears  from  the  26  experiments  embodied  in  the  Table  of 
Results  accompanying  the  paper,  that  the  mean  quantity 
of  carbonic  acid  in  the  air  over  the  Irish  Sea  was  in  the 
month  of  August  1865,  308  in  10,000  volumes  of  air — a 
very  marked  difference  from  the  mean  amount  on  the  land, 
viz.,  40  vols,  in  10,000,  as  deduced  from  the  most  extensive 
observations  on  land-air.  It  was  therefore  concluded  that 
the  Sea  in  our  latitudes  does  not  act  in  increasing  the  amount 
of  carbonic  acid  in  the  air  above  the  ocean,  as  found  by  Lewy 
over  the  Atlantic  near  the  equator.  And  it  also  appeared 
from  those  experiments  that  the  differences  observed  in  the 
air  of  night  and  day  by  Lewy  over  the  Atlantic  are  not 
perceptible  in  the  air  above  the  Irish  Sea. 

The  kindness  of  Messrs.  Alfred  Booth  and  Co.,  of  Liver- 
pool, has  enabled  the  author  to  test  the  validity  of  Lewy's 
conclusions  respecting  the  composition  of  the  atmosphere 
above  the  tropical  oceans  by  a  series  of  determinations  of 
the  amount  of  carbonic  acid  contained  in  the  air  of  the 
Atlantic,  made  by  Pettenkofer  s  method,  during  a  voyage 
to  and  from  the  Brazils.  The  bottles  employed  in  collecting 
the  air  were  however  of  increased  capacity,  since  by  thus 
experimenting  on  a  larger  volume  of  air  any  variations  in  the 
amount  of  atmospheric  carbonic  acid  would,  of  course,  be 
rendered  more   appreciable.     From    51    experiments  made 
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dming  the  months  of  February,  March,  and  July  1866,  it 
appears  that  the  mean  quantity  of  carbonic  acid  contained 
in  the  air  of  the  Atlantic  Ocean  is  2*953  vols,  in  10,000  of 
air :  in  that  of  the  Irish  Sea  it  was,  from  26  experiments, 
3082  :  the  mean  of  the  77  experiments  being  300. 

This  result  compared  with  the  following  numbers  giving 
the  amount  of  carbonic  acid  contained  in  land  air,  shows 
that,  contrary  to  the  statement  of  Lewy,  the  air  over  the 
ocean  contains  a  much  smaller  proportion  of  carbonic  acid 
than  that  of  the  land. 

The  most  extensive  observations  on  land  air  have  given 
as  means: — 

No.  of         Vols,  in 
Observer.  Locality  Expts.      10,000  in  air. 

Th.  de  Saussure...  Chambeisy    104 415 

Bouasingaiilt Paris     142  ..'...  3-97 

Verver    Grtimugeu    90 4'20 

Roscoe    London  and  Manchester.  161  3*95 

Angus  Smith Ditto  ditto  200 4*03 

Geneml  mean  of  observations  on  land  air  4  '04 

Independent 
Expts. 

General  mean,  observations  on  sea  air,  Lewy ...   11  4*63 

Ditto  ditto  ditto  Thorpe  44 3*00 

The  quantity  of  caibonic  acid  contained  in  land  air  is 
subject  to  continual  alteration  from  the  variable  circum- 
stances of  locality,  temperature,  fog,  rain,  &c. ;  it  may  thus 
vary  from  2'o  to  8  volumes  in  10,000  of  air.  It  would 
ai)pear,  however,  from  the  above  experiments  that  the 
amount  of  carbonic  acid  in  sea  air  experiences  fewer  and 
far  less  extensive  variations :  it  is  sensibly  the  same  in 
different  latitudes  and  is  constant  in  the  same  locality 
throughout  tin*  year.  The  mean  (quantity  of  carbonic  acid 
contained  u\  sea  air  between  the  parallels  lo"*  and  30^  N. 
latitude  was  in  the  months  of  Februaiy  and  March  1866, 
296  in  10,000  volumes  of  au*;  in  July  of  the  same  year  it 
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was  300  volumes.  From  Saussure  and  Boussingatilt's 
observations  a  decided  difference  may  be  ti-aced  between 
the  amounts  of  carbonic  acid  in  the  air  of  day  and  night  on 
the  land,  the  air  of  the  night  containing  more  cai*bonic  acid 
than  that  of  the  day  in  the  propoi-tion  of  100  to  92 ;  but,  on 
compaaing  the  experiments  made  at  night  with  those  of  the 
day,  it  appears  fix)m  the  author's  observations  that  no  such 
differences  ai-e  to  be  discerned  in  sea  air.     The  means  of  the 

two  series  are — 

For  the  Day.          For  the  Ni^t 
(24  obflenrations)      (20ob6erTBtion8) 
Carbonioacid  in  10,000  vok  of  air...  3-011  2-993 

The  nou-accoi-dance  of  these  results  with  those  obtained 
by  Lcwy  is  undoubtedly  mainly  due  to  the  difference  in  the 
methods  of  analysis  employed  Lewy's  determinations  were 
made  in  Regnault's  eudiometer  in  which,  as  is  well  known, 
the  volume  of  gas  is  maintained  constant  throughout  the 
analysis,  the  relative  changes  being  estimated  by  the  varia- 
tions in  the  pressure  of  that  constant  volume  over  or  tmder 
that  of  the  atmosphere,  measured  in  millimetres  of  mercury ; 
and  thus,  as  Dr.  Frankland  as  already  pointed  out,  a  varia^ 
tion  in  volmne,  which  in  the  older  method  of  Bunsen  would 
appear  considerable,  is  in  that  of  Renault  only  represented 
by  a  small  niunerical  expression,  and  consequently  a  very 
slight  error  of  observation  (say  to  the  extent  of  one-twentieth 
of  a  millimetre)  would  exercise  a  very  considerable  influence 
on  the  result  It  deserves  also  to  be  noted  that  Lewy's 
analyses  were  not  made  until  eighteen  or  twenty  months 
after  the  air  had  been  collected,  and  although  Lewy  satisfied 
himself  by  experiment  that  air  contained  in  glass  tubes  for 
such  a  length  of  time  experiences  no  alteration  in  composi- 
tion, yet  Regnaidt  has  subsequently  shown  that  the  exact 
determination  of  the  amount  of  atmospheric  carbonic  acid 
cannot  be  made  in  air  thus  preserved,  since  the  glass  absorbs 
a  portion  of  this  gas. 
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The  main  conclusions  to  be  drawn  from  this  paper  may  be 
briefly  stated  as  follows : — 

1.  That  the  sea  does  not  act  in  increasing  the  amount  of 

atmospheric  carbonic  add. 

2.  But  that,  on  the  contrary,  the  air  over  the  sea  contains 

a  much  smaller  proportion  of  carbonic  acid  than  the 
air  of  the  land,  although  the  influence  of  the  sea  in 
abstracting  this  gas  from  the  atmosphere  is  not  so 
great  as  the  observations  of  Vogel  and  Ejiiger  would 
indicate. 

3.  That  the  mean  quantity  of  carbonic  add  contained  in 

the  normal  ^atmosphere  of  the  ocean  is  3*00  in  10,000 
volumes  of  air. 

4.  That  the  proportion  is  constant,  or  nearly  so,  in  different 

latitudes. 

5.  That  this  proportion  is  not  sensibly  influenced  by  the 

different  seasons  of  the  year. 

6.  That  this  proportion  does  not  experience  any  percep-* 

tible  diurnal  variation. 

II.  "  On  the  Amount  of  Carbonic  Add  contained  in  the 
Atmosphere  of  Tropical  Brazils  during  the  rainy  season,"  by 
T.  E.  Thorpe. 

The  determinations  contained  in  this  communication  of 
the  amount  of  carbonic  acid  in  the  land  air  of  the  tropic^ 
were  made  at  Pard,  the  principal  port  of  entrance  of  the  river 
Amazon,  situate  about  eighty  miles  from  the  sea,  on  the 
river  Gram-Pard,  in  kt  V  27'  S.,  and  long.  48°  28'  W.  This 
town  is  built  on  the  verge  of  a  vast  primeval  forest,  extend- 
ing to  the  sea  coast,  and  over  which  the  trade  winds  of  the 
Atlantic  regularly  blow  during  the  greater  part  of  the  year. 
The  detemiinations  were  made  by  Pettenkofer's  method,  in 
the  mamier  previously  described.  Hydrochloric  acid  was, 
however,  substituted  for  oxalic  acid  in  the  titration  of  the 
baiyta-water,  since  solutions  of  the  latter  acid  decompose 
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mpidly  in  the  tropics.  From  31  experiments  it  appears 
tliat  the  mean  (iiiaiitity  of  carbonic  licid  contained  in  the  air 
of  tropical  Brazils  duruig  tiie  months  of  April  and  May 
186G  was  3*28  in  10,000  volumes  of  air — a  decided  difference 
from  the  mean  proportion  (40  vols,  in  10000  of  air)  contained 
in  the  atmosphere  of  Europe,  and  probably  due  in  great 
measure  to  the  joint  action  of  tropical  rain  and  tropical  vege- 
tation in  withdrawing  this  gas  fi*om  the  Jiir.  The  influence 
of  rain  on  the  amount  of  atmospheric  carbonic  acid  is  well 
known  from  the  experiments  of  fSaussure  and  Boussingault. 
The  annual  rainfall  at  Parn  is  very  heavy,  amounting, 
according  to"*  observations  kindly  furnished  to  the  author 
by  Drs.  Bruno-Cabml  and  Jos^  Abreu  to  nearly  3  metres 
(118  inches),  of  which  about  one-third  falls  duiing  tlie 
months  of  March,  April,  and  May.  These  determinations 
are  consequently  interesting  as  showing  the  proportion  of 
carbonic  acid  in  the  atmosphere  of  the  tropics  in  the  middle 
of  the  i-ainy  season  of  the  year. 

In  conclusion,  the  author  begs  to  tender  his  thanks  to 
Professor  Roscoe  for  the  valuable  advice  and  assistance  he 
has  given  him  during  the  above  investigations. 
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PHYSICAL  AND  MATHEMATICAL  SECTION. 
November  8th,  1866. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

^L•.  Baxendell,  F.R.  A.S.,  read  a  paper  entitled  "  Obsen^a- 
tions  of  the  new  Vaiiable  Star  T  Coronse."  (This  paper  was 
{ifterwards  read  at  the  Ordinary  Meeting  of  the  Society  held 
November  27th,  1866.     See  page  35.) 

Mr.  Brothers,  F.RA.S.,  communicated  an  Appendix  to 
his  "  Cat^dogiie  of  Binary  Stars  '*  presented  to  the  Section  at 
its  hist  meeting. 


December  6th,  1866. 

E.  W.  BiNNEY,  F.R.S.,  F.G.S.,  President  of  the  Section, 
in  tlie  Cliair. 

Mr.  Heelis,  F.RA.S.,  exhibited  some  drawings  of  a 
Hydmulic  Clock  which  he  had  made  for  the  pui-ppse  of 
driving  his  Equatorial,  'and  described  the  nature  of  its  action 
and  adjustment,  the  i)rincipal  feature  being  that  of  using 
the  .same  water  over  and  over  again. 

Mr.  Brothers,  F.R.A.S.,  communicated  the  following 
observation  of  the  occultation  of  Aldebaran,  which  took 
place  on  the  22nd  ult : 

DLsapi)earance,  1^  53"*  32o*  local  sidereal  time.  The  stai* 
appeai'ed  projected  on  the  moon's  limb  for  at  least  half  a 
second,  and  then  disappeared  instantaneously. 

Position  of  the  Observatoiy ;  Lat.  53°  27'  9''  N ;  Long. 
0^  8"  6i'o\ 
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Mr.  Heelis,  F.RA.S.,  read  a  paper  "On  some  recent 
results  of  Observations  of  the  Specific  Gravity  of  Sea  Water." 
(This  paper  was  afterwards  read  at  the  Ordinary  Meeting  of 
the  Society  held, on  December  26tL    See  page  56.) 

Mr.  Yernok,  F.KA.S.,  exhibited  a  diagram  showing  the 
excessive  amount  of  barometric  and  thermometric  oscillation 
which  had  occurred  during  the  month  of  November,  1866. 


January  3rd,  1867. 

E.  W.  BiNNEY,  F.RS.,  F.G.S.,  President  of  the  Section, 
in  the  Chair. 

"On  the  Mean  Weekly  Temperature  at  Old  Trafford, 
Manchester,  for  the  seventeen  years  1850 — 1866,"  by  Q. 
Y.  Vernon,  F.RA.S,  F.M.S 

As  1  am  not  aware  that  there  have  been  any  carefuUy  de- 
duced values  of  the  mean  temperature  of  this  neighbourhood, 
perhaps  the  data  accompanying  this  paper  may  serve  until 
such  time  as  a  more  extended  series  can  be  obtained  I  may 
state  that  the  thermometers  used  have  aU  been  standard 
ones  compared  at  Greenwich,  and  all  the  observations  have 
been  reduced  to  that  standard.  The  thermometei-s  are  placed 
upon  a  stand  4  feet  from  the  ground,  and  carefully  protected 
from  radiation  and  other  disturbing  influences. 

The  unavoidable  omissions  in  my  register  I  have  been 
enabled  to  supply  by  the  kindness  of  my  friend  Mr.  John 
Curtis,  F.M.S.,  whose  thermometers  are  placed  similarly  to 
my  own,  and  within  a  very  short  distance  fix>m  my  station. 
The  mean  values  have  generally  been  determined  from  the 
readings  of  the  maximum  and  minimum  thermometers  in 
the  shade  combined  with  readings  of  a  standard  thermometer 
read  once  a  day ;  these  observations  being  all  made  at  8  a,m. ; 
in  reducing  them  Mr.  Glaisher's  con-ections  for  diurnal  range 
have  invariably  been  applied.    Whilst  upon  this  subject  I 
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would  like  to  suggest  the  great  desirability  of  having  these 
corrections  deduced  from  a  much  larger  series  of  observations, 
for  although  on  the  whole  I  find  them  to  agree  pretty  closely, 
yet  at  times  great  differences  exist,  especially  in  comparing 
the  mean  temperature  deduced  from  maximum  and  mini- 
mum readings  with  those  of  a  standai*d  thermometer  read 
at  cei-tain  fixed  hours. 

The  coldest  weeks  during  the  17  years  average  appear  to 
be  those  ending  7th  and  14*th  January,  and  the  warmest  that 
ending  July  22nd. 

The  week  ending  December  29th  appears  to  be  the  one 
in  which  the  greatest  variation  of  mean  weekly  temperature 
is  likely  to  occur,  and  the  one  ending  August  19th  that  in 
which  the  least  variation  occiu^. 

Taking  the  mean  differences  for  each  month,  and  we 
obtain  the  follo\ving  figuies : — 

Mean  Differ.  Mean  Differ* 

January 1640°  .  July  13-22° 

February  18'62  i  August 820 

March    13-40  !  September 10*26    . 

April 1205  I  October 11-34 

May  14-37  I  November 13-62 

June 12-42  |  December 20-22 

From  this  table  we  see  that  the  greatest  amount  of  vaiia* 
tion  occurs  in  December,  and  the  least  amount  in  August 

October  does  not  appear  to  exhibit  any  abnoi-mal  variation, 
although  from  the  amount  of  barometrical  oscillation  doing, 
so  it  might  have  been  expected  it  would  do. 

I  should  like  to  see  a  much  longer  period*  observed  for 
determining  the  values  of  the  mean  weekly  temperature 
here,  but  hope  until  such  is  the  case  the  values  I  have  given 
may  be  deemed  worthy  of  the  confidence  so  short  a  period 
can  deserve,  and  I  can  safely  say,  that  as  the  great  ma^  of 
the  observations  were  made  by  myself,  eveiy  care  has  been 
taken  in  order  that  they  might  be  made  correctly* 
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"On  the  Rainfall  for  1866,  at  Old  TraflFord,  Manchester," 
by  G.  V.  Vernon,  F.RA.S.,  F.M.S. 

Bain  Ghtuge  3  feet  above  tbe  Q-round,  and  106  feet  above  Sea  Level. 
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The  rainfall  for  1866  has  been  7756  inches  above  the 
average  of  the  last  73  years,  and  14*780  inches  above  the 
fall  for  1865.  The  fall  occurred  upon  214  days  in  1866,  as 
compared  with  164  days  in  1865. 

The  principal  excess  occurred  in  the  three  months  of 
July,  August,  and  September,  the  fall  in  the  latter  month 
being  the  greatest  fall  for  September  during  the  entire 
period.  In  the  months  of  April,  May,  and  June  the  total 
fall  was  considerably  below  the  average,  June,  however, 
taken  alone,  having  an  excess,  but  April  had  an  unusually 
small  fall. 

With  the  exception  of  October,  the  rainfall  was  greatly  in 
excess  from  June  to  December,  and  this  would  tend  still 
further  to  bear  out  the  supposition  that  October  is  subject 
to  some  peculiar  abnormal  disturbances,  as  pointed  out  by 
Mr.  Baxendell  {Meiiwivf^,  3rd  Series,  Vol.  I.,  page  263),  and 
also  by  myself  {Proceed! ng.%  Vol.  V.,  page  87),  in  former 
communications. 

During  the  later  months  of  the  year  there  were  excessive 
barometric  and  thermometric  disturbances,  as  shown  by  the 
amounts  of  oscillations. 

The  small  amount  of  rainfall  in  October  this  year  is  very 
remarkable,  as  it  is  on  an  avei-jige  the  wettest  month  of  the 
entire  year,  as.  will  be  seen  on  comparing  the  aunexed 
figures. 

The  daily  falls  exceeding  half  an  inch  were  as  follows : — 


Inches. 

January  21 0-568 

May  11  0-760 

Junel8 1-006 

July3 0-610 

July  28  1-985 

August  1 0-900 

„      16 0-670 

„      29 1-081 

September  1  0-750 


Inches. 

September  2  0-500 

8  1-150 

„       11   0-650 

„       20  0-550 

„       28  0-770 

October  24 0-523 

November  15 1-240 

16 0-802 

Decembers    0-680 
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The  great  fall  of  November  15  and  16  was  aeoompanied 
by  the  great  flood  of  the  Irwell,  the  Irk,  and  the  MedlocL 
A  fall  of  half  an  inch  in  this  neighbourhood  may  be  con- 
sidered excessive,  and  even  the  above  table  only  gives  18 
days  on  which  the  rainfall  reached  this  amount^  during 
what  may  be  r^arded  as  a  very  wet  year.  Examination  of 
the  figures  given  by  Mr.  Curtis,  F.M.S.,  in  his  paper  printed 
in  VoL  XV.  of  the  2nd  Series  of  Memoirs  of  our  Society, 
gives  the  following  years  in  which  the  rainfall  exceeded  40 
inches  since  1794 : — 


Inches. 

1823 44-767 

1824 42-941 

1828 45-267 

1830 40-861 

1833 41-677 


Inches. 

1836 45-551 

1841 41-190 

1845 41-416 

1847 45-230 

1852 45-730 


In  1860,  which  was  generally  considered  a  very  wet  year 
the  rainfall  was  only  36-530  inches,  but  fell  upon  235  days, 
or  21  more  than  this  year  (1866),  the  principal  difference 
being  that  in  1860  rain  was  continually  falling,  though  often 
not  much  in  amount,  whereas  this  year  rain  has  fallen  on  a 
large  number  of  days,  and  often  very  heavily. 

"  Results  of  Observations  of  Variable  Stars  made  at  the 
Mannheim  Observatory  during  the  year  1866,"  by  Dr.  R 
ScHoNFELD,  Director  of  the  Observatory.  Communicated 
by  Joseph  Baxendell,  F.RA.S. 

The  number  preceding  the  name  of  each  star  in  the 
following  list  is  the  ordinal  number  of  the  star  in  the 
Author's  "Catalog  von  veranderlichen  Stemen  mit  Einschluss 
der  neuen  Sterne.    Mit  Noten," 

6.  8  CaasiopecB, — ^The    last    maximum    occurred    1866, 

August  23.     The  period  will  be  about  673  days. 
8.  R   Piscium, — ^The    approaching    maximum    appears 
likely  to  occur  considerably  sooner  than  the  elements 
require. 
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15.  R  Persei, — The  maxima  of  the  present  year  occurred 
on  April  27  and  November  20 ;  the  first,  however, 
was  observed  in  the  evening  twilight,  and  the  time 
may  in  consequence  be  slightly  in  error.  It  appears, 
therefore,  that  the  period  is  about  205*5  days,  and 
that  one  period  must  be  added  to  the  number  hitherto 
assumed  to  have  happened  since  the  date  of  Bessel's 
observation.  This  correction,  however,  does  not 
accord  with  an  observation  made  at  Bonn  1853, 
November  30,  where  the  star  was  omitted  in  one  of 
the  zones  observed  by  me,  although  it  would  then  be 
near  a  maximum.  But  it  was  on  that  evening  bright 
moonlight. 

24.  R  AurigcB, — ^This  star  has  again  had  another  double 
period.  A  maximum  took  place  March  4,  mag.  8*8 ; 
a  minimum,  June  7,  mag.  9*4 ;  and  then  a  principal 
maximum  on  August  26,  mag.  7*0.  The  interval 
between  my  two  observed  piincipal  maxima  is  463 
days. 

30.  R  Cania  mvnoris, — In  its  last  minimum,  1866,  March 
10,  this  star  was  of  the  10th  magnitude.  The  obser- 
tion  of  Oudemans,  according  to  which  it  was  then 
invisible,  appears  to  rest  upon  an  error. 

35.  U  OeminoruTru — A  very  short  maximum  of  this  star 
occurred  in  April,  1866.  On  the  15th  it  was  of  its 
ordinaiy  minimum  brightness,  or  at  most,  but  a  very 
little  brighter  than  usual  April  16  and  17  the 
weather  at  Mannheim  was  cloudy. 

April  18,  at    8^  18"^  M.  T.' Mannheim,  U  was=  9  5  mag. 

w  ft         y  #     „ 

10-2     „ 

»  i>         13*0      „ 


11     3 

19, 

8  29 

10  36 

20, 

10  41 

21. 

8  58 

23. 

8  36 
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These  observations  give  the  epoch  of  maximum = 
1866,  April  18-5. 

39.  S  Cancri.—My  Ephemeris  in  No.  1593  of  the 
"Astronomische  Nachrichten '*  Ls  proved  to  be  verj- 
nearly  correct  by  a  well-observed  minimum  of  this 
star  1866,  November  29,  13^  3"^  M.  T.  Mannheim  = 
12*^  42*7"^  M.  T.  Paris,  at  the  earth's  mean  distance. 

55.  V  Virginia. — A  maximum  1866,  April  13,  occurred 
23  days  earlier  than  my  elements  indicated,  and  a 
comparison  with  Mr.  Pogson's  epoch  for  1860  gives 
the  period  =  2494  days;  but  Goldschmidt's  earlier 
observations  api)ear  to  show  that  the  period  must  l)e 
increased  to  251  days. 

59.  S  Boot  is. — A  careful  examination  of  my  observations 
gave  a  maximum  1865  July  11*5  ;  and  a  good  deter- 
mination of  the  following  maximum  gave  the  epoch, 
1866,  April  17.  The  corrected  elements  will  there- 
fore be— 1865,  July  14-|-275^  E. 

63.  8  Lihra\ — Schmidt    has   communicated    to   me    his 

observations  of  the  past  summer,  which  have  enabled 
me  again  to  improve  this  stars  elements.  At  the 
same  time  I  satisfied  myself  on  the  9th  of  June,  1866, 
that  2^  8"*  after  the  epochs  given  in  my  Ephemei-is  a 
second  minimum  occiii^.  I  believe  that  the  value 
multiplied  by  E  in  my  new  Elements 

MiDiimun  1866,  April  12  15^  25*"  M.  T.  Paris 
-f     6  23   33  38-39  E 

is  three  times  the  value  of  the  real  period,  which 
would  therefore  be  =  2d  7^  51°^  12-80',  with  a  proba- 
ble eiTor  =  ±  2057^.    This  is  a  veiy  interesting  stai*. 

64.  S  Serpent  is. — The  maximum  of  this  year  occurred  on 

February  26,  or  exactly  one  year  after  the  preceding 
maximum.  It  appears,  therefore,  that  the  period  is 
yet  longer  than  that  given  by  Argelander ;  also,  that 
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this  inequality  of  the  period  b^ins  to  show  itself  as 
a  periodical  ona 

71.  R  Scorpii. — ^Maximum,  1866,  May  5. — ^The  observa- 

tions commenced  only  on  the  24th  April,  but  are  not 
unsatiafiictory.  However,  it  is  possible  that  this 
maximum  (11  mag.)  was  by  no  means  the  proper  one, 
but  only  a  secondary  one  during  the  waning  of  the 
star,  and  that  the  proper  maximum  occurred  much 
earlier. 

72.  S  ScorpU. — Maximum  observed  1866,  June  17,  toler- 

ably good.  Interval  from  previous  year's  maximum 
=  35o*5  days. 

77.  S  Ophi/uchi, — ^The  elements  are  better  than  I  expected, 

for  they  gave  a  maximum  on  the  20th  June,  1866, 
whilst  the  epoch  from  my  observations  was  June  24-5. 

78.  S  Herculis, — ^Last  maximum  1866,  October  11,  ap- 

parently good,  but  11  days  earlier  than  the  Elements 
give. 

89, — T  Sdgittarii, — ^The  epoch  of  maximum  for  this  year 
as  concluded  fit>m  the  course  of  tiie  light-curve  is 
September  14  but  I  had  no  observations  of  this 
star  from  August  23  to  September  28.  I  believe, 
however,  that  the  result  given  cannot  be  many  dajB 
in  error.  The  period  appears,  therefore,  to  be  rather 
less  than  one  year. 

90. — R  Soffittarii, — Observed  maximum  1866,  July  13. 
The  period  is  therefore  269f  daj^  Dr.  Auwers  had 
already  informed  me  that  Pogson's  number,  467  days, 
was  erroneoua 

91.  8  SagiMomA. — ^Maximum  1866,  October  4'6,  very 
good.    Tbe  period  is  to  me  still  unknown. 

101.  R  Delphvni  {8  AquUce). — Observed  mftyimfl.  1865, 
August  30-5 ;  and  1866,  May  27*5.  Interval  270 
days.  Although  both  determinations  are  good,  the 
period,  if  regular,  cannot  be  under  279  days. 
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104.  S  (R)  Ddphvm. — ^My  obBervations  of  the  last 
mftxiTnum  give  for  epoch  1866,  October  18-5,  which 
is  apparently  very  good,  but  it  is  by  no  meaius 
adapted  to  a  period  of  283  days. 

105.  T  (8)  Delphinl—LRsb  maxunum  1866,  July  10-5, 
which  is  in  fidr  accordance  with  the  Elementa 

113.  T  Pega9i.—0hBerved  mAinmnm  1866,  October  31. 
It  appears,  therefore,  that  the  period  is  considerably 
shorter  than  as  given  in  the  Elements. 

115.  8  A^picmi. — ^A  well-observed  maximum  1866,  Octo- 
ber 27*5,  confirms  the  correctness  of  the  Elements. 

117.— iZ  Pegaai. — Observed  maximum    1866,    July    9. 
Argelander  has  conmnmicated  to  me  the  following 
maxima  derived  from  his  earlier  observations : 
1848,  November  7,  doubtful 

1850,  December? 

1851,  December  20 

1853,  January  6 

1854,  Januaiy  21 

These  are  all  very  well  represented  by  the  Elements 
1856,  February  17+379*5*  E;  and  it  appears,  conse- 
quently, that  Oudemans'  maximum  1855,  January 
26  or  27,  was  observed  under  &vourable  circum- 
stances, notwithstanding  the  star's  proximity  to  the 
horizon. 
119.  22  CasaiopecB. — The  last  maximum  again  confirms 
the  probability  of  the  conclusion  that  the  period  is 
now  becoming  shorter.  According  to  my  observa- 
tions it  occurred  1866,  April  10  (the  previous  one 
1865,  February  215),  and  the  star  was  brighter  than 
I  had  ever  before  seen  it.  It  was  nearly  equal  to 
X  AndromedsB,  and,  in  spite  of  its  low  position  near 
the  northern  horizon,  was  very  good  to  see  with  the 
naked  eye. 
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PHOTOGBAPHIOAL  SECTION, 


January  10th,  1867. 


Dr.  J.  P.  Joule,  F.RS.,  &a,  Vice-President  of  the  Section, 
in  the  Chair. 


Mr.  C!oOTE  exhibited  a  selection  from  the  series  of  photo- 
graphs by  Braun,  of  Paiis,  consisting  of  copies  of  drawings 
by  the  old  Masters,  from  the  origmals  in  the  Louvre.  Mr. 
Coote  explained  the  method  by  which  they  were  supposed 
to  be  printed,  and  from  the  appearance  of  some  of  the  prints 
there  could  be  no  doubt  that  one  of  the  processes  suggested 
by  Sir  John  Herschel  about  the  year  1840,  or  some  modifi- 
cation, had  been  employed;  and  it  was  evident  that  the 
method  proposed  by  Mr.  Qatty  would  also  produce  similar 
results.  The  prints  are  remarkable  for  their  perfect  resem- 
blance to  old  drawings  and  sketches,  and,  as  studies  for 
artists  and  for  use  in  schools  of  design,  are  quite  equal  to 
the  originals.  Of  their  pennanence  there  cannot  be  the 
least  doubt. 


The  following  letters  from  Mr.  J.  B.  Dancek,  F.RA,S.j 
addressed  to  the  Chairman,  were  then  read  by  the  Secre- 
tary:— 

1. — I  am  too  unwell  to  attend  the  meeting  of  the  Section 
this  evening,  and  have  therefore  put  on  paper  a  few 
remarks  on  "Braun's"  copies  of  drawings  of  the  old  Masters. 

Mr.  Coote  kindly  showed  me  these  pictures,  and  my  first 
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impression  was,  that  they  had  been  produced  by  Mr.  Swan's 
process,  as  it  is  quite  possible  to  replace  the  carbon  by 
coloured  pigments,  and  imitate  the  colour  of  any  chalk, 
crayon,  or  even  black  lead  pencil,  in  the  latter  case  using 
pliunbago.  The  act  of  rolling  a  picture  of  this  kind  would 
give  it  a  lustre  like  a  pencil  drawing.  There  are  specimens  of 
this  appearance  in  the  collection. 

Having  had  occasion  to  write  to  Mr.  Swan,  I  requested 
him  to  give  me  such  information  as  he  possessed  as  to  how 
these  copies  were  produced.  The  following  is  an  extract 
from  his  reply :  — 

"To  J.  B.  Dancer. 

"Many  thanks  for  your  kind  enquiry.  Mr.  Braun,  of 
Dornach,  is  printing  a  number  of  copies  of  pictures  by  my 
process,  in  particular  a  series  of  Holbein's  works;  and  if 
this  series  form  a  part  of  the  collection  to  be  exhibited  at 
your  society's  meeting,  they  are  no  doubt  by  my  process. 
Mr.  Braun  is  however  also  using  another  process  (Rousseau's) 
for  the  production  of  the  Louvre  pictures,  and  I  think  it 
most  probable  that  all  the  red  pictures,  except  the  Holbeins, 
are  by  this  process.  I  do  not  know  precisely  what  M. 
Rousseau's  process  is,  but  I  have  heard  that  it  is  a  modifica- 
tion of  one  of  the  processes  of  Sir  John  Herschel. 

"You  are  quite  right  in  thinking  my  process  suitable  for 
the  imitation  of  old  red  chalk  drawings ;  the  shades  of  colour 
can  be  imitated  exactly. 

"  Mr.  Braun  is  now  carrying  out  my  process  very  energetic- 
ally, and  has  erected  a  steam  engine  to  drive  the  tissue 
making  machinery.  "  Joseph  W.  Swan." 

I  think,  Mr.  Chairman,  you  will  agree  with  me,  when 
looking  over  these  copies,  that  they  mark  a  most  important 
advancement  in  the  art  of  Photography.  In  these  produc- 
tions we  have  identity  in  colour  as  well  as  in  form. 
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2. — ^At  a  meeting  of  the  Fhotographical  Section,  October 
4th,  1866,  it  may  be  remembered  that  I  exhibited  some  spe- 
cimens of  photographs  in  various  colours,  on  paper  and 
calico,  a  process  invented  by  Mr.  John  Mercer,  F.RS.  I 
did  not  recollect  sufficient  of  what  Mr.  Mercer  had  told  me 
of  the  process  to  give  you  any  definite  information  as  to  the 
production  of  the  colours.  A  few  days  since  I  stumbled  on 
his  description ;  if  it  is  thought  of  sufficient  interest,  pleaae 
to  commimicate  it  to  the  members. 

Mr.  Mercer  read  a  paper  on  the  subject  at  the  meeting  of 
the  British  Assodaticm  at  Leeds,  in  the  year  1858.  He  ex- 
hibited coloured  photographs  on  paper  and  calico,  and  gave 
the  following  directions  for  producing  them* 

DIRECrriONS. 

34oz.  of  sulphate  of  iron  are  converted  into  peroxalate ; 
this  is  diluted  to  2  gallons,  and  will  impregnate  200  square 
yards  of  paper.  The  paper  being  floated  on  the  solution 
until  fiilly  wet  in  the  usual  way,  it  is  then  exposed,  and 
afterwards  steeped  in  some  solution  which  only  acts  on  that 
part  where  the  iron  has  been  reduced  from  the  per-  to  the 
protoxide.  Red  prussiate  of  potash  and  sulphuric  acid  act 
well,  making  the  image  blue  and  the  ground  white. 

Sulphocyanide  of  potassium  and  a  salt  of  copper  form 
another  bath ;  the  protoxide  of  the  picture  deoxodises  the 
copper,  and  the  sulphocyanide  of  the  suboxide  of  copper  is 
fixed  in  the  cambric  or  paper.  This  may  be  converted  into 
the  red  prussiate  of  copper. 

A  vast  number  of  colours  may  be  obtained  by  replacing 
the  iron  or  copper  by  other  metals,  such  as  lead,  zinc,  tin, 
mercury,  silver,  gold,  or  manganese. 

With  these  bases  may  be  used  various  dyes,  as  madder, 
cochineal,  murexide,  logwood,  galls  or  quercitron  bark, 
besides  the  iodides,  chromates,  prussiates,  or  oxides  of  the 
metals  themselves  and  mixtures  of  these. 
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He  also  showed  how  the  peroxalate  psq>er  might  be  used 
as  a  Mr  actinometer,  by  placing  a  slip  between  the  leaves 
of  a  book  and  pulling  it  out  by  steps  every  stated  number 
of  seconds.  It  is  then  easily  converted  into  a  graduated 
scale. 
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Ordinary  Meeting,  January  22nd,  1867. 
Dr.  J,  P,  Joule,  F.RS.,  &c.,  Vice-President,  in  the  Chair. 

Mr.  SiDEBOTHAM  called  attention  to  the  letters  which  had 
appeared  in  the  "Times"  newspaper  during  the  last  few 
days,  with  reference  to  chilled  cast  iron  shot  and  shell,  in- 
tended for  penetrating  armour  plated  ships,  and  as  to  whom 
the  credit  of  first  suggesting  it  rightly  belonged.  He  said 
that  no  doubt  whatever  existed  that  at  the  Meeting  of  the 
British  Association,  in  October,  1862,  their  member,  Mr. 
Nasmyth,  C.E.,  did  most  strenuously  urge  a  speedy  trial  of 
chilled  cast  iron  elongated  shot  and  shell,  as  being  not  only 
much  cheaper  than  steel,  but  better  in  every  respect  for  the 
purpose  of  penetrating  iron-clad  ships;  he  also  gave  his 
reasons  for  such  an  opinion,  and  held  his  own  during  a 
long  discussion  against  all  comers. 

Mr.  Sidebotham  then  read  letters  to  Mr.  Nasmyth  from 
P.  Le  Neve  Foster,  Esq.,  who  acted  as  secretary  to  section 
G  at  the  Cambridge  meeting  of  the  British  Association,  and 
T.  Aston,  Esq.,  Q.C.,  who  took  part  in  the  discussion.  The 
latter  concludes  his  letter  by  sa3ring : — 

"  There  can  be  no  doubt  whatever,  that  any  one  who  may 
claim  to  have  been  before  you  in  teaching  the  public  the 
use  of  chilled  cast  iron  for  projectiles  intended  to  penetrate 
armour  plates,  must  give  proof  of  having  done  so  prior  to 
your  vigorous  advocacy  of  that  material  at  the  Cambridge 
meeting  of  1862." 

Mr.  Sidebotham  then  read  reports  of  the  discussion  from 
the  "Times"  and  the  "Athenaeum;"  both  these  are  short, 
as  such  reports  usually  are,  and  do  but  represent  a  very 
small  portion  of  what  was  said.  The  report  in  the  "  Times" 
of  October  7th,  1862,  is  as  follows  :— 
Pbocbbdikgs— Lit.  &  Pmi.  SociETy.— Vol.  VI.— No.  9— Session  1866-7. 


82 


''  Mr.  Naamyth  inquired  whether  chilled  east  iron  shot  had 
been  tried,  the  process  of  chiilmg  cast  iron  was  a  very  inex- 
pensive one;  and  if  chilling  flat  ended  shot  had  not  been 
tried,  it  was  very  desirable  it  should  be. 

"The  President  (Mr.  Fairbaim)  said  they  had  no  practical 
experience  in  the  matter;  but  he  believed  that  the  shot 
being  chilled  only  to  a  certain  extent  they  would  find  that 
the  whole  shot,  having  the  same  velocity  when  striking  the 
object,  would  break,  as  if  it  had  not  been  hardened  at  alL 

"Mr.  Nasmyth :  That  is  a  mere  matter  of  opinion,  (Hear, 
hear.)  Have  you  tried  any  experiments  on  the  subject? 
It  would  involve  an  expense  of  only  some  ten  shillings.  (A 
laugh.) 

"  The  President :  In  order  to  gratify  Mr.  Nasmyth,  I  hope 
that  before  the  next  meeting  of  the  British  Association  we 
shall  have  the  matter  proved  experimentally.     (Hear.)" 

Mr.  Sidebotham,  in  conclusion,  said  he  thought  from  the 
above  it  would  be  seen  that  their  member,  Mr.  Nasmyth, 
ought  to  have  the  credit  of  the  suggestion  of  elongated 
chilled  iron  shot  and  shell,  in  place  of  steel,  rather  than 
Major  Falliser,  whose  experiments  and  publication  dated 
nine  months  later.  He  regretted  the  absence  of  Mr.  Fair- 
baim from  the  meeting  this  evening,  as  he  was  the  chairman 
of  the  meeting  at  Cambridge,  and  could  have  fully  corrobo- 
rated all  that  had  been  said. 

"On  Casting,  Grinding,  and  Polishing  Specula  for 
Beflecting  Telescopes,"  Part  11.,  by  James  Nasmyth,  Esq., 
C.E.,  Corresponding  Member  of  the  Society. 

In  this  part  of  his  paper  the  author  gives  fuU  details,  illus- 
trated by  diagrams,  of  the  methods  which  after  many  years' 
experience  he  has  found  to  be  best  adapted  for  ensuring 
success  in  the  fine-grinding  and  polishing  of  specula  for 
reflecting  telescopes. 


83 

Storm  Warnings. 
Since  the  meetiixg,  Mr.  Vernon,  F.RA.S.,  has  forwarded 
to  the  Editor  a  letter  fix>m  Dr.  Buys  Ballot,  of  Utrecht,  in 
which  the  writer  calls  attention  to  the  fact  that  the  system 
of  issuing  storm  warnings  was  first  suggested  and  carried 
out  by  himself  at  Utrecht,  and  not  by  Admiral  Fitzroyin 
London,  as  is  generally  supposed  in  this  country.  He  says, 
"  I  laid  down  my  principles  before  the  Dutch  Academy  of 
Sciences  in  October,  1857;  ia  the  Comptes  Mendua  de 
UAcad^mie  des  Sciences  de  Paris  in  November,  1867.  I 
made  my  first  proposal  to  the  Dutch  Government  on  the 
14th  of  November,  1859,  and  the  system  was  commenced 
on  the  1st  of  June,  1860,  or  nine  months  sooner  than  in 
England.  I  commimicated  a  paper  on  the  subject  to  the 
British  Association  at  the  Newcastle  meeting,  and  I  wonder 
that  my  system  has  not  been  adopted  in  England,  the  more 
so  because  I  recommended  it  to  Mr.  Francis  Galton  in 
August  last.  It  is  not  only  a  right  of  priority  that  I  daim ; 
but  I  think  my  system  is  much  better,  though  it  gives  no 
particulars  as  to  rain  or  snow,  but  only  the  direction  of  thd 
wind  for  the  next  twenty-four  hours  almost  'without  fail> 
and  the  force  or  strength  of  the  wind  with  great  probability* 
It  is  a  fact  above  aU  doubt  that  the  wind  that  comes  is 
nearly  at  right  angles  to  the  line  between  the  places  of 
highest  and  lowest  barometer  readings.  The  wind  has  the 
place  of  lowest  height  at  its  left  hand,  and  is  stronger  in 
proportion  as  the  difierence  of  barometer  readings  is  greater. 
K  Portsmoutii  and  VaJentia  rise  much  above  Nairn,  then  I 
think  you  will  have  a  gale  jfrom  the  west,  and  you  have  to 
attend  to  the  oscillation  of  that  difference  of  barometer  read- 
ings. The  only  question  is  how  many  hours  does  that  dif- 
ference take  place  before  the  wind  comes.  Now,  I  propose 
to  introduce  an  instrument  that  in  all  our  ports  will  simply 
show  the  azimuth  in  which  the  greatest  difference  of  baro- 
meter readings  prevails,  and  the  amount  of  that  difference. 
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The  sailor  acquainted  with  the  meaning  of  the  signs  will 
have  to  look  at  that  instrument  at  the  same  time  as  the 
barometer.  It  is  a  new  instrument  that  may  be  regarded  as 
a  differential  barometer  showing  the  state  of  the  atmosphere 
in  the  surrounding  countries. 

"For  many  years  weather  signals  after  my  metliod  have 
been  exhibited  every  morning  at  nine  o'clock  at  Utrecht; 
the  strength  and  direction  of  the  wind  are  observed  every 
hour  and  compared  with  the  prognostics  so  that  I  could  say 
how  many  times  the  rule  has  held  good,  and  how  many 
times  it  has  failed.  Why  does  not  the  British  (Jovemment 
send  a  distinguished  meteorologist  to  Utrecht  in  order  to 
see  what  we  have  done  ?  I  do  not  pretend  to  have  found 
the  whole  truth,  and  acknowledge  that  the  rule  may  admit 
of  exceptions  in  other  countries ;  but  in  Holland  we  have 
had  more  experience  of  the  prognostics  of  gales  and  storms 
than  all  other  countries  put  together,  for  here  all  is  reduced 
to  measures  and  time ;  in  England  and  France  all  is  vague 
and  in  general  expressiona" 
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mCEOSOOPICAL  AND  NATURAL  HISTORY  SECTION. 

January  7th,  1867. 

A.  G.  Latham,  Esq.,  President  of  the  Secjtion, 
in  the  Chair. 

The  President  exhibited  mounted  specimens  of  Forami- 
nifera  from  Dogs  Bay,  Boundstone,  and  from  Berwick  Bay, 
and  he  remarked  on  some  differences  in  the  character  of  the 
two  deposits.  He  pointed  out  that  in  the  Dogs  Bay  sand 
the  prevailing  forms  are  Truncatulina  and  Miliolina,  while 
in  the  Berwick  Bay  dredging  they  are  Dentalina  and  Bilo- 
culina.  He  also  remarked  on  the  great  difference  in  the 
quality  of  the  shell  of  Truncatulina  from  these  two  locali- 
ties, those  from  Dogs  Bay  being  delicate  and  hyaline,  while 
those  from  Berwick  Bay  are  opaque  and  very  thick  and 
strong. 

The  following  paper,  "  On  Polymorphina  tubulosa,"  was 
read  by  Dr.  Alcock. 

In  the  course  of  examinations  of  the  Dogs  Bay  sand,  I 
have  collected  great  numbers  of  detached  branches  of  Poly- 
morphina tubulosa,  a  form  of  foraminifer  which  is  not  likely 
ever  to  be  found  perfect  in  shore  sand.  I  have,  however, 
met  with  several  fine  specimens  of  it  with  only  the  tips  of 
the  branches  broken  away;  but  the  most  interesting  ex- 
amples are  some  which  are  more  damaged,  and  show  several 
structural  features  difficult,  if  not  impossible,  to  be  seen  in 
perfect  specimens.  The  main  body  of  the  shell  of  Polymor- 
phina tubulosa  has  the  form  of  Professor  Williamson's  P. 
communis,  and  appears  to  be  identical  with  it,  this  form 
only,  so  far  as  I  have  seen,  taking  on  the  peculiar  final 
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development  characteristic  of  P.  tubulosa.  It  conisists  in 
the  mature  state  of  the  rounded  shell  of  P.  communis  more 
or  less  concealed  by  several  covered  passages  commencing 
at  the  mouth  and  taking  a  direction  towards  the  base  of 
the  shelL  These  passages  have  their  arched  walls  developed 
into  tubular  prolongations,  extending  in  all  directions,  and 
soon  dividing  irregularly  into  small  branches,  which,  in  one 
or  two  instances  in  the  specimens  shown,  will  be  found  to 
anastomose :  they  are  either  closed  at  their  tips,  as  a  smaU 
glass  tube  might  be  closed  in  the  flame  of  a  blowpipe,  or 
they  expand  into  little  cauliflower-like  excrescences,  whidi 
are  also  apparently  closed.  The  shell  composing  the  parts 
just  described  is  very  delicate  and  thin  compared  with  that 
forming  the  rounded  nucleus,  and  its  outer  surface  is  frosted 
with  small  glassy  projections  of  an  irregularly  squared 
figure,  like  imperfectly  formed  crystals.  It  is  evident  that 
this  is  a  hastily  deposited  shell-covering  on  the  sarcode 
developed  since  the  last  regular  chamber  of  the  sheH  was 
formed,  and  which,  instead  of  collecting  itself  into  a  definite 
shape  to  produce  a  chamber  similar  to  the  others,  had  been 
surprised,  as  it  were,  while  fully  expanded  by  the  calcifying 
process,  which  consequently  gives  us  a  petrified  representa- 
tion of  the  ordioary  appearance  of  this  external  sarcode, 
with  its  pseudopodia  protruded,  the  probable  suddenness 
of  the  process  being  illustrated  by  the  cauliflower  excres- 
cences which  terminate  many  of  the  branches,  and  which 
have  resulted  from  the  contraction  of  the  extremely  fine 
terminal  filaments  of  sarcode.  It  would  appear  that  this  is 
the  final  act  in  the  life  of  the  Polymorphina,  its  enfeebled 
vital  power  being  insuflScient  to  gather  together  the  sarcode 
for  the  formation  of  another  regular  chamber,  and  there- 
fore, properly  speaking,  the  shell  is  fully  formed  and  perfect 
before  this  last  addition  is  made  to  it.  There  is  evi- 
dence, however,  in  the  specimens  I  have  now  to  sholn^, 
that  the  animal  must  have  lived  for  a  considerable  time  in 
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a  Aill-grown  state  before  it  thus  terminated  its  existenoe, 
by  producing  a  permanent  likeness  of  its  living  self.  These 
specimens  have  their  arched  coverings,  with  the  branches 
proceeding  from  them,  more  or  less  broken  away,  so  as  to 
expose  the  floor  beneath  them,  which  consists  of  parts  of  the 
strong  outer  wall  of  the  rounded  nucleus,  and  which  in  all  the 
cases  examined  presents  the  same  peculiar  appearance.  It  is 
riddled,  through  with  many  large  holes  sometimes  nearly  cir- 
cular but  oftener  oval  or  kidney-shaped,  and  so  numerous  as 
to  open  a  very  free  communication  between  the  external  sar<- 
code  and  that  in  the  interior  of  the  sheU.  It  is  not  imusual 
to  find  Polymorphinas  of  a  diflFerent  type  from  these  with  a 
few  small  round  holes  in  their  outer  walls,  but  they  are 
scattered  irregularly,  are  few  in  number,  and  have  no  evident 
relation  either  with  one  another  or  witii  any  structural 
peculiarity  of  the  animal ;  whereas  in  the  present  case  they 
are  invariably  contained  within  the  area  of  the  floor  of  the 
covered  passages,  and  are  so  numerous  and  encroach  so 
much  on  each  other  that  in  some  parts  they  leave  only 
narrow  isthmuses  of  the  original  sheU-wall  between  them, 
and  the  larger  holes  have  every  appearance  of  having  been 
formed  by  the  imion  of  several  smaller  ones.  It  is  evident 
from  a  consideration  of  their  character  that  they  have  been 
produced  by  the  removal  of  shell-material  previously  depo- 
sited, and  this  gives  them  a  physiological  interest,  for  though 
it  is  natural  to  suppose  that  a  creature  which  has  the  power 
of  precipitating  carbonate  of  lime  on  its  surfSawje  would  also 
have  the  power  of  removing  portions  of  it  by  solution  or 
absorption  if  required,  the  foraminifera  are  so  structureless 
that  we  should  hesitate  to  attribute  to  them  this  Auction 
without  clear  and  positive  proof 

In  order  to  follow  the  successive  changes  in  the  latter 
part  of  the  life  of  this  Polymorphina,  as  they  are  illustrated 
in  the  specimens  before  you,  the  large  rounded  shells  of  P. 
communis  should  be  first  noticed,  in  which  no  opening  is 
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perceptible  excepting  the  mouth,  showing  that  at  tiiis  stage 
the  numerous  large  holes  which  are  afterwards  formed  have 
no  existence.  The  great  thickness  of  the  outer  walls  com- 
pared with  that  of  the  internal  parts  of  the  shell  shows 
that  the  animal  must  have  existed  for  a  considerable  time 
in  this  condition,  during  which  the  surface  has  been 
strengthened  by  repeated  deposits  of  calcareous  matter 
from  its  coating  of  external  sarcode,  and  the  smoothness 
and  evenness  of  this  surface  shows  that  the  coating  was  at 
that  time  spread  imiformly  over  the  whole  of  it  But 
broken  specimens  of  P.  tubulosa  show  that  a  change  in  the 
disposition  of  the  external  sarcode  has  been  afterwards 
made,  for  in  these  it  is  found  to  have  collected  itself  into 
two  or  three  irregular  bands,  always  commencing  by  one 
end  at  the  mouth  and  extending  towards  the  base  of  the 
shell,  an  arrangement  clearly  mapped  out  by  the  remains 
of  its  ultimately  formed  shell-covering,  fragments  of  which 
are  seen  still  attached  to  the  surface  of  the  smooth  rounded 
nucleus. 

The  next  event  in  the  life  of  this  Polymorphina  is  the 
formation  of  those  numerous  openings  through  the  thick 
shell-walls,  the  observation  of  which  in  the  specimens  before 
you  has  chiefly  led  me  to  introduce  them  to  your  notice. 
These  show,  by  their  definite  position  and  the  evidence 
they  give  of  their  progressive  formation,  that  when  the 
external  s^code  has  once  taken  the  form  of  bands  it 
remains  permanently  in  that  state,  and  that  these  bands 
hold  a  fixed  position  on  the  parts  of  the  sheU  where  they 
were  first  placed.  Among  the  specimens  shown  are  some 
which  only  differ  from  ordinary  shells  of  P.  communis  in 
being  remarkably  smooth  on  the  surface  and  in  having 
numerous  large  holes  arranged  in  several  rows  radiating 
from  the  mouth  towards  the  base  of  the  shell,  exactly  as  in 
undoubted  specimens  of  P.  tubulosa,  but  they  are  without 
the  slightest  trace  of  the  external  arched  coverings  and 


8d 

tubular  branches.  These  might  at  first  sight  be  set  down 
as  very  much  rolled  and  worn  specimens  of  the  ordinary  P. 
tubulosa>  but  there  is  no  evidence  in  the  Dogs  Bay  sand  of 
other  kinds  of  foraminifera  being  worn  to  the  extent  which 
would  be  necessary  to  produce  such  a  result,  and  the 
suggestion  is  uncalled  for  in  this  particular  case  since  it  is 
evident  that  at  one  part  of  the  life  of  the  animal  its  shell 
must  have  presented  the  appearance  of  these  specimens, 
unless  it  could  be  admitted  that  the  holes  are  formed  after 
the  production  of  the  shell-covering  on  the  expanded  pseu- 
dopodia.  But  this  last  is  clearly  a  single  act,  and  its  plan 
is  evidently  not  such  as  would  be  adopted  if  the  protection 
of  sarcode  were  the  object  in  view,  the  subdivision  into 
many  projecting  branches  most  delicate  and  fragile  at  their 
points  exposing  it  as  much  as  possible  to  every  injury ;  and 
therefore  presenting  a  form  and  arrangement  not  at  aU 
likely  to  promote  the  comfort  and  convenience  of  the  animal 
if  it  were  to  exist  long  in  that  state ;  and  when  to  this  we 
add  that  the  pseudopodia,  which  are  the  means  by  which 
the  foraminifera  communicate  with  the  external  world,  aie 
sheathed  by  their  shell-covering  so  as  to  be  incapable  of 
action,  and  moreover  that  every  part  of  the  animal  becomes 
completely  enclosed,  the  conclusion  seems  inevitable  that 
this  is  not  a  condition  in  which  it  passes  any  considerable 
portion  of  its  life,  but  that  it  is,  as  already  suggested, 
merely  the  closing  and  final  act  The  holes  through  the 
thick  shell  however  present  a  diflferent  history,  they  show 
by  the  quantity  of  shell-material  removed  and  by  the  way 
in  which  separate  holes  have  run  together,  that  time  has 
been  spent  in  their  formation,  and  they  have  also  a  clear 
and  intelligible  use  in  the  economy  of  the  animal,  this 
being  to  open  free  communications  between  the  internal 
and  external  sarcode.  As  to  the  process  by  which  the 
shell-matter  is  removed  it  seems  impossible  under  the  cir- 
cumstaaces  to  suppose  it  done  in  any  other  way  than  by 
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absorption  by  the  sarcode  in  contact  with  it.  Among  the 
specimens  shown  is  one  of  P.  tubtilosa  which  has  been  com- 
pletely broken  open  and  shows  that  tiie  process  of  absorption 
is  not  confined  to  the  outer  waUs  but  that  the  inner  parti^ 
tions  whidi  at  first  formed  parts  of  the  walls  of  the  separate 
diambers  are  also  in  great  part  removed,  throwing  the  whcde 
of  the  interior  into  one  large  irregular  cavity. 

^e  quantity  of  carbonate  of  lime  deposited  at  once  in 
the  covering  of  the  external  sarcode  and  its  pseudopodia  is 
so  considerable  ihai  some  unusual  source  might  naturally 
be  looked  for  to  supply  it,  and  this  is  apparently  found  in 
the  shell-material  redissolved  by  the  process  just  described, 
which  must  eventually  lead  to  the  sarcode  being  excessively 
charged  with  mineral  matter  and  may  be  considered  a  suffi- 
cient  reason  for  the  final  catastrophe ;  and  if  the  view  h»^ 
given  of  the  later  stages  of  the  life  of  Polymorphina  tubulosa 
be  correct  it  adds  another  point  of  interest  by  Growing  that 
tiie  deposit  of  shell-material,  in  this  one  case  at  least,  is 
more  of  a  chemical  than  a  vital  act 
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Ordinary  Meeting,  February  5th,  1867. 


Edward  Schunck,  PLD.,  F.RS.,  &c.,  President,  in  the 
Chaii'. 


Commander  Alexandre  Cialdi,  of  Rome,  and  Dr.  Edward 
Schonfeld,  Director  of  the  Mannheim  Observatory,  were 
elected  Corresponding  Members  of  the  Society. 


Mr.  Baxendell  read  the  following  letter  from  Sir  J.  P. 
'W.  Heeschel,  Bart.,  M.A.,  F.R.S.,  &c.,  dated  CoUingwood, 
February  2,  1867:  — 

"  May  I  be  permitted  to  oflfer  a  remark  to  the  Lit.  and  Phil. 
Society  on  the  very  striking  fact  mentioned  in  Monsr.  Buys 
Ballot's  letter  on  storm  warnings  in  the  report  of  the  last 
meeting  of  the  Society  ('Proceedings,'  vol  vi.  p.  83) — ^where, 
speaking  of  the  gales  of  wind  that  accompany  great  baro- 
metric fluctuations  he  observes :  '  It  is  a  fdct  above  all  doubt 
that  the  wind  that  comes  is  nearly  at  right  angles  to  the 
line  between  the  places  of  highest  and  lowest  barometer 
readings.  The  wind  has  the  point  of  lowest  height  on  its 
left  hand.' 

"In  my  paper  in  *Good  Words'  on  the  weather  and 
weather  prophets,  published  in  January,  1864,  (and  written 
in  November,  1863)  the  ^t  of  this  perpendicularity  of 
direction  of  the  wind  to  that  of  the  wave's  advance,  in  the 
case  of  the  hurricanes  which  accompany  the  'great  Novem- 
ber wave'  is  noticed;  and  in  a  few  words  added  to  the 
Peocibdivgs— Lit.  &  Phil.  Socibtt.— Vol.  VI.— No.  10— Sbssion  1866-7. 
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original  notice  of  this  peculiarity,  in  a  reprint  of  that 
paper  which  has  lately  appeared  ('Familiar  Lectures  on 
Scientific  Subjects/  p.  144,  note),  an  analogy  is  suggested 
between  the  fact  in  question  and  the  transverse  rotation  of 
the  etherial  molecules  in  the  propagation  of  a  circularly 
polarized  ray  of  light. 

"The  remarkable  feature  in  question  as  it  now  appears 
from  this  statement  of  Monsr.  Buys  Ballot,  is  no  spedal 
peculiarity  of  the  November  gales,  but  a  general  one.  And 
as  such,  an  origin  has  to  be  sought  for  it  in  the  dynamical 
laws  which  connect  the  movements  of  the  individual  aerial 
particles  (which  constitutes  the  wind)  with  the  direction 
and  progress  of  the  advcmcmg  form  which  constitutes  the 
atmospheric  wave. 

"Weber,  in  his  * Wellenlehre,'  has  made  us  familiar  with  the 
conception  of  the  propagation  of  a  wave  by  the  successive 
transfer  from  particle  to  particle  of  circular  or  elliptic  move- 
ments. In  the  case  of  undulating  liquids — ^to  which  his 
work  chiefly  refers,  the  plane  of  such  circulation  coincides 
with  the  liTie  of  adva/nce  of  the  wave,  and  thus  are  easily 
explained  all  the  phsenomena  of  breakers  and  (as  I  have 
since  shown)  of  alternating  tide  currents.  But  there  is 
nothing,  djmamically  speaking,  to  limit  such  circulating 
movements  to  that  plane.  It  is  equally  conceivable  that 
their  plane  may  be  obliquely  situated :  and  that  a  wave 
may  be  propagated  even  in  the  extreme  case  of  the  perpen- 
dicularity of  the  two  directions,  the  phoenomena  of  polarized 
light  alluded  to,  demonstrate.  I  cannot  help  thinking 
then  that  a  general  feature  of  this  nature  being  now  so 
strikingly  brought  before  us,  there  is  something  more  than 
a  mere  resemblance  in  the  phoenomena  I  have  thus  ventured 
to  assimilate  and  that  the  attention  of  hydrodynamicians 
might  be  advantageously  directed  to  the  subject  as  likely 
to  cast  some  additional  light  on  the  mechanism  of  storms. 

"P.S.— Would  it  not  bo  worth  while  to  enquire  whether 
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the  condition  as  to  the  wind  having  the  barometric  mini- 
mum (the  trough  of  the  wave)  on  its  left  hand  is  not  reversed 
in  the  southern  hemisphere  ?" 

Mr.  Eddowes  Bowman,  M.A.,  exhibited  and  explained 
the  construction  and  peculiarities  of  Hofl&nan's  Polari- 
Microscope. 
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PHYSICAL   AND    MATHEMATICAL   SECTION. 
January  31st,  1867. 

E.  W.  BiNNEY,  F.RS.,  F.G.S.,  President  of  the  Section,  in 
the  Chair. 

"  Results  of  Eaingauge,  Anemometer,  and  Ozone  Observa- 
tions, made  at  Eccles,  near  Manchester,  during  the  year 
1866,"  by  Thomas  Mackebeth,  F.RA.S.,  F.M.S. 

The  following  results  are  intended  as  a  sequence  to  those 
presented  to  this  section  last  year.  I  regret,  however,  that 
on  account  of  the  removal  of  my  observatory,  some  of  the 
observations  were  interrupted  during  a  period  of  three 
months.  The  observations  to  the  end  of  April  were  made 
under  the  same  circumstances  as  those  of  last  year,  an 
account  of  which  will  be  found  p.  107,  voL  5,  of  the  Pro- 
ceedings of  this  Society.  The  rainfall  3ft.  from  the  ground 
continued  to  be  measured  under  former  circumstances  tiU 
my  removal  was  completed  in  August,  when  all  the  observa- 
tions were  resimied  as  before.  The  rain  is  measured  from 
three  diflferent  gauges.  Two  of  the  gauges  stand  close  to 
each  other  in  the  same  plane  8  feet  from  the  ground,  75  feet 
from  my  house,  and  21  feet  from  my  astronomical  observa- 
tory. The  receivers  of  the  rain  gauges  on  the  ground  are 
of  different  shapes,  one  being  round,  10  inches  in  diameter, 
the  other  5  inches  square,  in  both  the  edges  are  turned 
inward.  The  other  gauge  is  now  34  feet  from  the  ground 
and  4  feet  above  the  ridge  of  my  house — ^and  free  from 
every  obstruction. — Up  to  April,  at  my  residence,  it  was  32 
feet  from  the  gi'oimd.    The  receiver  is  a  square  one  of  the 
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same  size  and  shape  as  the  5-iiich  square  one  3  feet  from 
the  ground. 

First  I  represent  the  rainfall  for  1866,  as  measured  by 
the  10-inch  gauge  3  feet  above  the  ground,  and  146  feet 
above  the  sea.  Compared  with  the  average  fall  for  six 
years  at  Eccles : — 


Qoarierly 
Periods. 


1865. 


50 
38 
40 
49 


1866. 


64 
39 
68 
61 


FUl 

in 

Inches. 


^January  ... 

<  February. . . 

(.  March 

CAprfl   

iMaj 

(.June    

(JiJy 

<  August    ... 
(.Septembar 
^October   ... 
}  Kovember 
(.  December 


I  8162 
3122 
2167 
0-361 
1-702 
4-273 
4-086 
4-584 
7-259 
2-606 
5-768 
4-006 


ATerace 

of 
6YewrB 


2-488 
2-193 
2-742 
1-562 
2-314 
8129 
2-973 
3-666 
4-345 
3-447 
8-586 
2-528 


Differenoes. 


t 0-679  •) 
0-929  [ 
—0-686  3 
—1-201  •) 
-0-612  { 
+1-144) 
- -1-113  •) 
- -1-018  f 
- -2-914  J 
-0-841') 
+2172  [ 
+1-478; 


Quarterly 
Periods. 


1865. 


7-162 
4-929 
7-638 
8-085 


1866. 


8-441 

G336 

15-929 

12-370 


177 


232 


43076  34-868 


+8-208 


27-809 


43-0761 


The  above  table  appears  to  add  further  confirmation  to 
the  remarks  made  on  the  rainfall  at  Old  Trafford  by  Mr, 
G.  V.  Vernon,  F.RA.S.,  F.KS.  at  the  last  meeting  of  this 
section.  There  is  perhaps  one  thing  worthy  of  notice,  viz., 
that  the  average  annual  difference  of  rainfall  between  Old 
Trafford  and  Eccles  for  6  years  is  about  half  an  inch.  This 
year  the  difference  is  not  quite  one  tenth  of  an  inch.  The 
difference  between  the  height  of  my  former  station  above 
the  sea  and  my  present  one  is  27  feet.  This  probably 
may  account  for  my  having  measured  a  trifle  more  rain 
during  the  laat  five  months. 

I  now  present  the  monthly  amounts  that  fell  into  each 
gauge,  and  the  number  of  miles  of  the  horizontal  movement 
of  the  air. 
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1866. 

BainfAUinlO 
fromgroond 

BalnfUl  in  5  inoh 
from  ground. 

BafaifiAinSinfih 
from  groond. 

menftoCtlMalK; 

JanuftTT 

3-162 
8*122 
2-167 
0-861 
1-702 
4-278 
4086 
4-584 
7-259 
2-606 
5-758 
4006 

8-216 
8079 
2-087 
0-299 
1-655 
4-284 
4-003 
4-521 
7-280 
2-685 
5-585 
3-922 

•      8108 

8-056 

1-870 

0-807 

» 

4-060 
6-625 
2-814 
4-988 
8-012 

6,794 
4s664 
4,578 
5,883 

» 

If 

i» 
5,833 
5,325 
3,759 

February  

JAtLroh 

April 

IMky 

JTune  

July   

August  

September 

October 

Norember 

December 

5,860 
6,763 

1        Totals  

43076 

42-465 

Taking  out  May.  Ji 
•nd  July,  in  iBt  and 
eolnmas—Tbtela  are. . 

j£a|83015 

32-528 

29-286        1       46,894 

The  next  table  shows  the  relative  proportion  of  the  winds 
for  each  month  reduced  to  the  four  cardinal  points,  the 
number  of  days  on  which  rain  fell,  together  with  the  average 
amount  received  in  each  gauge. — 


> 

1 
1866. 

BalnttTe  Proportion 
of  Winds  to      ^^ 

Id 

ATsngtt  Amoont  of  Bain  reoshred 
inoachOaoge. 

the  Days  of  Moh  Month. 

10  Inch 
Bound  OMge, 

from  Ground. 

Slnoh 
fromOronnd. 

Sinch 
from  Ground. 

N. 

B. 

S.   IW. 

January 

February  ... 

March    

April 

3 
7 
9 
8 
7 
4 
6 

10 
4 

11 
7 
6 

2 
3 
6 

10 
9 
8 
7 
4 
4 

11 
2 
3 

14     12 
9       9 
9       7 
7       5 

20 

22 

22 

9 

0168 
0142 
0098 
0040 
0154 
0-224 
0314 
0175 
,      0-250 
0186 
0-261 
0160 

0-160 

0139 

0O94      1 

0-033 

0150     . 

0-225* 

0-307 

0-173 

0^49 

0184 

0-258 

0156 

0-166 
0-188 
0O85 
0-084 

>» 

ft 

0-156 
0-227 
0-166 
0-224 
0120 

^j .: 

3     12     11 
9       9     19 
6     12     13 

June  

July   

August  

September... 

October 

November... 
December  ... 

4     13 
10     12 
3       6 
6     16 
8     14 

26 
29 
14 
22 
26 

82  !  69 

87   127 

232 

0180 

0-177 

0145 

'  If  the  direction  of  the  wind  from  the  above  table  be 
compared  with  the  monthly  rainfall  in  the  first  table,  it  will 
be  seen  that  the  fall  is  always  in  excess  when  the  west  and 
south  winds  prevail  over  the  north  and  east;  and  that  if 
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the  average  rainjGgJI,  and  the  number  of  days  on  which  rain 
fell  in  each  month,  be  compared  with  the  general  direction 
of  the  wind,  it  will  be  seen  that  the  prevalence  of  the 
south  and  west  winds,  not  only  increases  the  amount  of 
rainfall,  but  the  number  of  wet  days.  The  excess  of  rain- 
fall on  the  ground  over  that  at  34  feet  fi-om  the  ground 
appears  also  to  be  affected  by  the  wind,  for  the  excess  on 
the  ground  increases  when  south  and  west  winds  prevail 
over  the  north  and  east.  The  only  real  exceptions  being  in 
the  difference  of  rainfall  34  feet  from  the  ground  in  March, 
and  in  the  number  of  days  in  July.  I  present  below  a  table 
of  comparison  iUustrative  of  these  remarks. — 


1S66. 


Btttlo 

of 
Winda. 


N.  and  E. 

to 
S.  andW. 


DifFeronoes 

from  the 

ATerageNa 

of  Daraof 
RalalaU. 


Differenffee  of  Rainfall  from 
the  Average  of  6  Yeara. 


In  10  Inch 
Roimd  Gauge, 

3  feet 
from  Gtoimd. 


In  6  inch 
Square  Gauge. 

3  feet 
from  Ground. 


IMfferenoaa 

between 

RainfaU 

3  feet 

from  Ground, 

and  34  feet 

from  Ground. 


January  ... 
February... 

March 

April    

May 

June     

July 

August 

September 
October   . . . 
Koyember 
December 


5to26 
10  to  18 

15  to  16 
18  to  12 

16  to  15 
12  to  18 
18  to  18 
14  to  17 

8  to  22 
22  to    9 

9  to  21 
9  to  22 


+4 


+1 
-8 

+6 


+0.679 
+0-929 
-.0-585 
—1-201 
—0-612 
--1144 
--1118 
--1018 
- -2-914 
—0-841 
+2-172 
+1-478 


+0-732 
+0-886 
+0-655 
-1-263 
—0-669 
+1155 
- -1-030 
+0-955 
+2-885 
—0-862 
+1-999 
-I-1-394 


-112 
--028 
•217 
-008 


.-461 
-605 
.-271 
-•677 
•910 


The  next  table  shows  the  average  daily  fall  in  each  kind 
of  gauge,  when  the  velocity  of  the  wind  has  ranged  between 
the  number  of  miles  indicated  in  the  first  column. — 


Dally  Movement  of 

34  feet  from 
theGroimd. 

3  feet  fkom  the  Ground. 

Wind. 

6  inch 
Square  Gange. 

5  inch              10  Inch 
Square  Gange.  Bound  Gauge. 

Oto    SOmiles 

•054 

•050 

•058 

50  to  100     „ 

•088 

-095 

-098 

100  to  150     „ 

•098 

•107 

•110 

150  to  100     „ 

•191 

•213 

•217 

200  to  250     „ 

•233 

•250 

•251 

250  ta  300     „ 

•150 

•195 

•202 

AboTe  800     ,, 

•212 

•228 

•228 
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I  have  a  few  remarks  respecting  the  large  amount  o[ 
ozone  I  now  detect  over  the  quantity  I  detected  at  my 
former  station.  My  present  station  is  only  27  feet  higher 
than  my  former,  and  about  one-third  of  a  mile  farther  nortJL 
I  was  before  about  one-third  of  a  mile  from  the  most  popu- 
lous part  of  the  village.  I  am  now  nearly  two-thirds  of  a 
mile  from  it.  I  have  used  similai*  test-papers  at  both 
stations.  I  make  my  own  tests,  and  have  used  those  which 
were  made  at  the  same  time  at  both  stationa  The  average 
amount  I  used  to  detect  at  my  former  station  from  August 
to  December,  was  =  0*79  on  the  scale  of  comparison.  Last 
year  from  August  to  December,  the  amount  was  =  2*40  on 
the  scale.  Previous  to  my  removal  I  tried  a  test-paper  at 
each  station.  I  found  each  comparison  average  a  similar 
diflTerence.  The  amount  detected  by  Mr.  Vernon,  at  Old 
Trafford,  was  usually  a  little  in  excess  of  mine  for  the 
months  named;  but  the  last  year  shows  a  very  different 
result.  The  average  amount  detected  by  Mr.  Vernon  from 
August  to  December  of  last  year  (see  the  Manchester  and 
Salford  Sanitary  Association's  Weekly  Returns),  was  0*91  on 
the  scale ;  showing  a  difference  from  my  present  station  of 
1*49  or  nearly  1  J,  while  the  amount  is  1*61  above  the  amount 
detected  at  my  former  station. 

Observations  of  the  Occultation  of  Aldebaran  by  the 
Moon,  January  16th,  1867. 

Bj  J.  Baxekdell,  at  Mr.  Worthington's  Obserratoxy. 

63^  30'  SOO'^  N.       8"-  deiG--  W. 

Local  Qreenwioh 

Sid.  Time.  Mean  Time. 

Disappearance  2^  59»-  6-1*-      1^  25»-    0-2-^ 

Reappearance    4    10    78        8    35     50-2 

The  disappearance  and  reappearance  were  both  instanta- 
neous, and  no  unusual  phenomenon  was  observed 
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The  telescope  tided  was  the  equatorially  mounted  achro- 
matic of  70  inches  focal  lengtli  and  5  inches  aperture  with 
a  power  of  68. 

Bj  A.  Bbothxbs,  afc  110,  Upper  Brook  Street,  Manobester. 

53^  27'  560^  N.      8«-  5i'3&'  W. 

Disappearance 2^  59"*  C'  Local  Sid.  Time. 

Reappearanoe 4    10  13        ,,         ,, 

The  disappearance  was  instantaneous.  The  reappearance 
was  not  so  well  ohserved,  as  the  star  must  have  emerged  a 
few  seconds  before  it  was  seen.  The  telescope  is  a  refractor 
equatorially  mounted,  and  in  other  respects  identical  with 
the  one  employed  by  Mr.  BaxendelL    Power  used,  88. 

"  On  the  Elements  of  the  Variable  Star  R  Persei,"  by 
Joseph  Baxendell,  F.R.A.S. 

In  Professor  Sch5nfeld's  "Results  of  Observations  of 
Variable  Stars,  &c.,"  read  at  the  last  meeting  of  the  Section 
it  is  stated,  "  that  the  period  of  R  Persei  is  about  205*5  days^ 
and  that  one  period  must  be  added  to  the  number  hitherto 
assumed  to  have  happened  since  the  date  of  BesseFs  obser- 
vations/' This  value  of  the  period  is  derived  from  the 
following  four  observed  maxima  compared  with  Bessel's 
single  observation  of  the  star,  when  at  or  near  a  maximum 
on  the  6th  of  January,  1888. — 

1865,  March  12. 
„      October  6, 

1866,  April  27. 

„      November  20. 

R  Persei  has  been  under  pretty  regular  observation  at 
Mr.  Worthington's  Observatory  since  the  announcement  of 
the  discovery  of  its  variability  by  Dr.  Schonfeld  in  Sep- 
tember, 1861,  and  a  projection  of  all  the  observations  has 
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yielded  the  epochs  of  eight  maxima,  or  double  the  number 
observed  by  Schonfeld,  thus  enabling  me  to  determine  with 
greater  exactness  the  length  of  the  mean  period.  These 
ma.yima  are  as  follows : — 

1861,  October  16 8-7  mag. 

1862,  November  21 8-9    „ 

1864,  January  8  9-3    „ 

„      August  20 8-7  „ 

1866,  March  9 8-4  „ 

„     October  1  8-7  „ 

1866,  April  19 8-2  „ 

„      November  14 9*0  „ 

Equating,  and  treating  by  the  method  of  least  squares, 
we  have 

Mean  period  =  206*8  days. 
Mean  epoch  =  1864,  August  10*7. 

Calculating  from  these  elements  we  find  that  a  maximum 
ought  to  have  occurred  1832,  November  25,  or  42  days 
earlier  than  Bessel's  observation.  As  this  difference  con- 
siderably exceeds  any  that  could  be  due  to  the  form  of  the 
light  curve  at  its  maximum,  it  seems  probable  that  the 
length  of  the  period  has  slightly  increased  since  the  date  of 
Bessel's  observation. 

The  differences  between  the  observed  and  the  calculated 
times  of  maxima  are: 

Observed — Calculated.  Observed — Calculated. 

+  4*7  days  +  3'9  days 

—7-9    „  +31     „ 

—8-5    „  —3-7    „ 

+  9-7    „  —1-6    „ 

The  mean  magnitude  of  the  star  at  maximum  appears 
from  my  observations  to  be  8-7.  The  magnitude  at  mini- 
mum is  generally  below  13. 
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Comparing  Dr.  Schonfeld's  times  of  the  last  four  maxima 
lyith  my  own,  it  will  be  seen  that  in  every  case  his  date 
is  later  than  mine,  the  differences  being 

Schonfeld — BaxendelL 
+  3  days 
+  6  days 
+  8  days 
+  6  days 

the  mean  difference  being  6*5  days.    At  present  I  am  unable 
to  explain  the  cause  of  this  difference,  but  hope  that  future 
observations  specially  directed  to  the  point  will  clear  up  the 
mystery. 
The  next  maximum  of  R  Persei  will  be  due  1867,  June  10. 

Mr.  Baxekdell  read  the  following  extract  of  a  letter  from 
George  Knott,  Esq.,  F.RA.S.,  dated  Woodcroft  Observatory, 
January  24th,  1867,  and  exhibited  the  light-curve  to  which 
it  refers : — 

"  I  have  much  pleasure  in  sending  a  copy  of  my  light- 
curve  of  R  Vulpeculse  for  1866.  In  forming  the  November 
maximum  I  have  availed  myself  of  a  few  observations 
kindly  sent  me  by  yourself.  With  the  exception  of  a 
marked  discordance  at  the  end  of  the  month  our  estimates 
agree  very  well,  and  show  that  the  November  maximum 
was  an  unusually  bright  one  —  brighter  in  fact  than  I  have 
ever  observed  it  before.  But  what  I  wish  particularly  to 
call  your  attention  to,  is  the  curious  flattening  of  the  ascend- 
ing curve.  I  have  noticed  traces  of  this  peculiarity  in 
several  instances  in  the  case  of  this  star,  and  cannot  help 
r^arding  it  as  a  real  feature,  though  I  should  like  to  estab- 
lish this  view  by  further  observation  before  laying  too  much 
stress  upon  it.  You  will  notice,  too,  the  curious  flattening 
of  the  curve  at  the  September  minimum,  which  was  a  bright 
one. 
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Maxima  aitd  Min«a  of  R  Volpbodls,  1866. 


Maxiha. 

MnmiA. 

SATS. 

July    7-0 
Nov.  16-5 

KAO. 

7-6. 
71. 

DATS. 

May    2-6. 
Sept  13-6. 

KAO. 

13-2. 
12-3. 
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Ordinary  Meeting,  February  19th,  1867. 
J.  P.  Joule,  LL.D.,  F.RS.,  &c.,  Vice-President,  in  the  Chaii-. 

Mr.  SiDEBOTHAM  inquired  whether  any  member  waa 
acquainted  with  the  particulars  of  a  remarkable  discovery 
in  connection  with  the  conversion  of  dynamical  into  elec- 
trical force,  by  M  Siemens  and  Dr.  Wheatstone,  a  brief 
notice  of  which  appeared  in  the  Aihenceum  of  Feb.  16. 

Mr.  Wilde  said,  that  he  happened  to  be  present  at  the 
meeting  of  the  Royal  Society  on  the  14th  inst,  when  M. 
Siemens' interesting  paper  "On  the  Conversion  of  Dynamical 
into  Electrical  Force,  without  the  aid  of  Permanent  Mag- 
netism," was  read.  The  apparatus  used  in  his  experiments, 
and  exhibited  at  the  meeting,  consisted  of  two  electro- 
magnets, coiled  with  long  and  thin  wires,  and  between  the 
poles  of  these  electro-magnets  an  armature,  also  coiled  with 
long  and  thin  wires,  was  made  to  revolve  rapidly  by  means 
of  pulleys. 

When  a  voltaic  battery  was  connected  with  the  wires  of 
the  electro-magnet  for  a  few  moments,  and  afterwards  dis- 
connected, the  residual,  or  permoment,  magnetiBm  of  the 
electro-magnets  was  sufficiently  strong  to  generate  a  feeble 
current  of  electricity  in  the  wire  of  the  revolving  armature. 
The  feeble  cun*ent  thus  generated  was  then  transmitted 
through  the  coils  of  its  own  exciting  electro-magnet,  instead 
of  the  current  from  the  battery,  and  by  the  mutual  action 
and  reaction  of  the  electro-magnet  and  the  armature  upon 
each  other,  the  magnetism  of  the  machine  could  be  exalted 
to  such  a  degree  as  to  require  the  application  of  very  con- 
siderable power  to  drive  the  apparatus. 
PiocBBDnfCHH-LiT.  k  Phil.  Soonxx.^Toji.  YI.— No.  U^Shmioh  1866-7* 
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That  this  increase  of  magnetism  was  attended  by  an 
increase  of  dynamic  electricity  in  the  wires  surrounding  the 
armature  and  electro-magnet  was  manifest  from  the  bril- 
liancy of  the  spark  at  the  commutator  and  the  increased 
deflection  of  a  galvanometer  needle  placed  within  the 
influence  of  the  electro-magnetic  circuit ;  but  the  quantity 
of  electricity  was  not  sufficient  to  ignite  wires;  and  was 
comparatively  small  in  proportion  to  the  mechanical  force 
expended  in  producing  it. 

The  apparatus  used  by  Dr.  Wheatstone  in  his  experiments, 
which  was  also  shown  in  operation  at  the  meeting,  was  veiy 
similar  in  construction,  and  identical  in  principle,  with  that 
of  Siemens',  though  each  of  these  experimentalists  appears 
to  have  worked  out  his  results  independently. 

Instead  of  the  long  and  thin  wire  used  by  Siemens  in  his 
machine,  Wheatstone  employed  coils  of  thicker  wires,  and 
the  wire  on  the  electro-magnet  was  of  the  same  diameter, 
and  about  eight  times  the  length  of  that  on  the  armature. 
The  coils  of  the  electro-magnet  had  consequently  about 
eight  times  the  resistance  of  the  armature  circuit  In  tins 
arrangement,  the  wire  surrounding  the  armature  being  the 
generating  circuit,  it  follows  from  a  well-known  property  of 
tte  electric  circuit,  that  the  amount  of  dynamic,  or  useful 
effect,  which  the  current  is  capable  of  exerting  when  the 
resistance  of  the  coils  of  the  electro-magnets  is  in  circuit,  is 
about  one-ninth  of  the  total  amount  which  the  armature 
coil  is  capable  of  evolving  when  the  electro-magnet  is  excited 
to  the  same  degree  by  a  separate  battery  or  other  electro- 
motor. 

This  peculiarity  of  the  machine  was  made  evident  by  Dr. 
Wheatstone  in  a  very  steiking  manner  by  means  of  the 
following  well-devised  experiment : — ^Two  branch  wires  were 
led  off  from  the  extremities  of  the  armature  coil,  and 
when  the  electro-magnet  was  fully  excited  the  free  ends 
of  the  branch  wires  were  bridged  across  by  means  of  a  fine 
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platuMiliOL  wire  about  nine  iiy^hes  in  leaj^gtb,  which  wire 
immediately  became  white-hot,  and  as  suddenly  ceaaed  to 
be  visibly  hot  untU  contact  with  the  branch  wires  had  been, 
broken  for  a  short  time  and  afterwards  re-establishod. 

This  momentary  ignition  of  the  platinum  wire  appeared 
to  Mr.  Wilde  to  be  due  to  the  diversion  of  the  greater  portioa 
of  the  current  generated  by  the  armature  into  the  new 
channel  or  short  circuit  established  by  the  platinum  wire 
through  the  armature  coils,  before  the  high  degree  of  mag<*. 
netism  which  had  been  maintained  in  the  electro^giagQet  by 
the  full  current  from  the  armature  had  been  reduced  by  the 
loss  of  a  portion  of  the  current  so  diverted. 

The  results  obtained  by  Siemens  and  Wheatstone  axe 
undoubtedly  very  interesting  from  a  scientific  point  of  view, 
but,  practically,  ihe  exciting  of  the  electro-magnet  by  tib^ 
current  from  the  armature  used  in  connection  witJi  it,  pro- 
duces results  very  inferior  to  what  are  obtained  from  similar? 
machines^  the  dectro-magnets  of  which  are  excited  by  a 
separate  source  of  electricity  of  small  pqwer,  as,  in  the  latter 
case,  the  ftdl  force  of  the  current  generated  by  the  armature 
ooil  is  available  for  the  performance  of  external  work. 

Mr.  Wilde  having  himself,  some  time  ago,  made  some 
experiments  similar  to  those  of  M.  Siemens  and  Dr.  Wheats 
stone,  canie  to  the  conclusion  that  in  the  present  iM^te  of  our 
electrical  knowledge,  the  difficulty  of  utilising  the  current 
ft^m  the  armature  after  it  had  passed  through  the  coils  of 
the  eleetro-n^agnet  was  insuperable;  as  it  is  absolutely 
necessary  that  the  coils  of  the  electro-magnets  of  electro^ 
magnetic  machines,  when  excited  by  inteiipaittent  currents^ 
should  be  of  considerable  length,  in  order  that  they  may- 
acquire  and  retain  a  charge  of  electricity  or  magnetism,  as 
has  been  shown  by  Drs.  Henry  and  Faraday  in  their  experi- 
ments on  the  induction  of  a  current  upon  itself.  On  the 
other  hand,  for  the  production  of  powerftd  electro-dynamic 
effects,  it  is  necessary  that  the  wire  of  tiie  armature  coil 
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should  be  oomparatiydly  short  and  thiok.  Hence  the  inoom- 
patibility  of  the  armature  and  electro-magnetic  circuits, 
when  exalted  dynamic  effects,  outside  the  machine,  are 
required. 

It  is  not  a  little  interesting  to  observe  how,  in  the  progress 
of  physical  science,  the  same  train  of  reasoning  is  often 
pursued  by  several  individuals  having  no  communication 
with  one  another.  In  the  present  instance,  it  would  appear 
that  the  "augmentation  of  the  power  of  a  magnet  by 
induction  currents  produced  thereby,  and  reacting  upoji  the 
magnet  itself,"  has  also  suggested  itself  to  other  experi- 
mentalists besides  M.  Siemens  and  Dr.  Wheatstone.  In  a 
letter  published  in  The  Engi/neer  of  July  20th,  1866,  p.  42, 
the  writer  (Mr.  J.  Murray)  says: — "  The  description  in  recent 
numbers  of  The  Engmeer  of  Mr.  Wilde's  admirable  improve- 
ments in  the  magneto-electric  machine,  induces  me  to  point 
out,  if  you  will  permit  it  through  your  columns,  a  variety 
of  the  principles  embodied  in  his  machine,  which  is  so 
obvious  that  it  cannot  fail  to  be  hit  upon  by  some  inventor 
before  long." 

It  is  briefly  this.^ — "Whereas  Mr.  Wilde,  beginning  with 
an  ordinary  magneto-electric  machine,  uses  the  current 
obtained  from  it  to  charge  a  powerful  electro-magnet,  and 
from  tins  obtains  a  second  and  more  powerful  current,  whidi, 
used  in  like  manner,  produces  one  still  more  intense,  I,  using 
only  a  single  machine,  pass  the  current  obtained  from  its 
armatures  through  wires  coiled  round  the  permanent  mag- 
nets, in  such  a  direction  as  to  intensify  their  magnetism, 
which,  in  its  turn,  reacts  upon  the  armatures  and  intensifies 
the  current 

"  It  is  obvious  that  the  amount  of  mechanical  force  which 
can  thus  be  converted  into  electricity  is  only  limited  by  the 
capacity  of  the  iron  for  magnetism ;  just  as  the  power  of  a 
steam  engine  is  only  limited  by  the  capacity  of  the  boiler 
for  absorbing  heat" 
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Mr.  Wilde  has  also  received  a  letter  on  the  subject  of  his 
recent  experiments  in  magnetism  from  Mr.  Moses  O.  Farmer, 
of  SaJem,  Mass.,  United  States,  dated  November  9th,  1866, 
in  which  he  says  that  he  had  obtained  an  increase  of  31  per 
cent  in  the  power  of  a  magneto-electric  machine,  by  trans- 
mitting the  current  from  the  armature  through  coils  of  wire 
surrotmding  pieces  of  soft  iron  forming  the  prolonged  ex- 
tremities of  the  permanent  magnets  of  the  machine.  Mr. 
Farmer,  in  the  same  letter,  adds : — "  I  have  built  a  small 
machine  in  which  a  current  from  the  thermo  battery  excites 
the  electro-magnet  of  your  machine  to  start  it,  and  after  the 
machine  is  in  action,  a  branch  from  the  current  of  the 
magnets  passes  through  its  own  electro-magnet,  and  this 
supplies  the  magnetism  required.  It  is  not  exactly  like  a 
person  standing  in  a  basket  and  trying  to  lift  himself — 
because  the  electricity  proceeds  from  the  conversion  of  the 
mechanical  energy,  which  must  be  continually  supplied. 
Neither  can  it  in  any  wise  be  likened  to  the  various  schemes 
for  producing  perpetual  motion;  but  depends  on  the  prin* 
ciple,  that  the  actual  energy  of  the  mechanical  force,  con- 
jointly with  the  potential  energy  of  the  magnet,  can  develope 
a  greater  amount  of  potential  energy  than  is  originally 
resident  in  the  magnet,  or,  in  other  words,  it  is  a  method  of 
converting  part  of  the  actual  energy  of  the  prime  mover 
into  the  potential  energy  of  magnetism." 

Mr.  W.  L.  Dickinson,  having  discovered  an  error  in  his 
calculation  of  the  Occultation  of  Aldebaran  (see  Proceedings, 
December  11th,  1866,  page  47),  communicated  the  following 
results  of  the  corrected  computation. 

Calculation  for  the  Observatory  of  Robert  Worthington, 
Esq.,  F.RA.S.,  Crumpsall,  near  Manchester, Lat  53" 30'  500^ 
N.,  Long.  0^  8»  56-16*  W. 

The  Occultation  of  Aldebaran  by  the  Moon,  January  16, 
1867:— 
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Disappearance... 
Reappearance  ... 

Sidereal  Time 

Mean  Time 

Mean  Time 

at 
Qnenwioh. 

AnklefMm       1 

at                      at 

N.Polntb 

Vertex. 

2*^59-13' 
4^10"   5* 

7*  16"  lO* 
8"  26"  SO* 

7^25"    6- 
8^  35"  46' 

100° 
283° 

83- 

280» 

The  angles  are  reckoned  towards  the  right  hand  round 
the  circumference  of  the  Moon's  image  as  seen  in  an  invert- 
ing telescope. 


Mr.  Baxendell  read  the  following  letter,  addressed  by 
T.  H.  Babington,  Esq.,  to  G.  V.  Vernon,  F.RA.S.,  and  dated 
Langley,  13th  Feb.,  1867 :  — 

You  have  been  kind  enough  to  send  me  a  copy  of  a  letter 
recently  received  by  yourself  from  Dr.  Buys  Ballot,  of 
Utrecht,  in  which  the  writer  claims  for  himself  the  origina- 
tion of  the  system  of  issuing  storm  warnings. 

He  says,  "  I  laid  down  my  principles  before  the  Dutch 
Academy  of  Sciences  in  October,  1857;  in  the  Comptes 
Rendus  de  V Academic  des  Sciences  de  Paris  in  November, 
1857.  I  made  my  first  proposal  to  the  Dutch  Government 
on  the  14jth  of  November,  1859,  and  the  system  was  com* 
menced  on  the  1st  of  June,  1860,  or  nine  months  sooner 
than  in  England." 

It  is  no  doubt  the  fact  that  Admu-al  Fitzroy  did  not  give 
his  first  "  warning"  before  the  5th  of  February,  1861,  but 
he  had  been  for  years  engaged  in  organising  the  service  and 
maturing  his  plans. 

I  feel  it  therefore  incumbent  upon  me,  in  justice  to  the 
memory  of  my  late  chief,  to  offer  a  few  remarks  upon  that 
portion  of  Dr.  B.  Ballot's  letter  which  I  have  quoted. 

What  the  nature  of  the  system  of  warnings  which  Dr.  B. 
Ballot  claims  to  have  introduced  at  Utrecht  in  1860  may 
have  been  I  do  not  know,  —  but  Holland  must,  at  that 
period,  have  been  mainly  or  entirely  dependent  upon  obser- 
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vations  made  at  her  own  stations,  that  is,  over  an  area  not 
la/rger  ihcm  WaleSy  and  forming  part  of  a  great  continent. 

It  will  be  clear  to  yon  and  to  every  meteorologist  that 
forecasts  founded  upon  barometrical  differences  over  an  area 
so  limited,  and  geographically  so  situated,  could  not  be  of 
much  practical  value, — and  that  for  purposes  of  forecastmg. 
Dr.  B.  Ballot  could,  at  that  period,  have  had  but  little 
advantage  over  any  individual  and  isolated  observer. 

But  however  that  may  be,  I  will,  vith  your  permission, 
relate  as  simply  as  possible  what  I  know  with  respect  to  the 
origination  of  the  storm-signals  —  observing  that  any  know- 
ledge I  may  possess  on  the  subject  is  derived  from  the  fact 
tiiat  I  was  Admiral  Fitzroy^s  assistant  from  the  first  estab- 
lishment of  the  Meteorological  Department  in  January,  1855, 
that  I  was  in  daily  personal  communication  with  him,  and  I 
bdieve,  saw  the  whole  of  his  correspondence. 

By  continued  and  consecutive  series  of  charts  constructed 
on  the  synoptic  or  synchronous  principle,  during  the  winter 
of  1856-57,  it  appeared  to  Admiral  Fitzroy  that  a  light  was 
thrown  on  the  atmospheric  changes  over  the  British  Isles 
and  their  vicinity  which  had  been  unattainable  previously. 
Those  charts  were  prepared  by  myself  tmder  Admiral  Fitz- 
roy's  direction,  with  the  express  view  (as  I  know  from 
frequent  conversations  with  him  on  the  subject)  of  gaining 
by  their  intercomparison  an  insight  into  the  laws  of  our 
atmosphere  which  might  enable  us  to  know  what  weather 
was  likely  to  prevail  during  the  next  two  or  three  dayB, 
and,  as  a  corollary,  when  a  storm  was  likely  to  occur.  Those 
charts  however  were  not  found  sufficient  by  themselves,  and 
led  to  subsequent  arrangements  and  correspondence. 

In  the  Eeport  of  the  Meteorological  Department  in  March, 
1857,  Admiral  Fitzroy  wrote  —  "  It  has  been  desired  that  a 
great  many  observations  should  be  compared  throughout 
the  British  Isles  (with  their  neighbouring  coasts  and  seas) 
at  certain  remarkable  peadods>  toobtain  the  means  of  ddlne- 
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ating  or  mapping  the  atmosphere  at  successive  times ;  and 
thence  to  deduce  tlie  oirler  of  those  chaiiges  of  wind  atid 
weather  which  affect  navigation  and  fisheries  especially." 

In  September,  1859  —  or  two  months  before  Dr.  Buys 
Ballot  appears  to  have  made  his  first  proposal  on  the  subject 
to  the  Dutch  Government  —  the  British  Afisodation  for  the 
Advancement  of  Science  met  at  Aberdeen  under  the  presi- 
dency of  the  Prince  Consort,  and,  the  question  being  brought 
before  them,  it  was  then  resolved  by  their  Council  that 
application  should  be  made  to  Her  Majesty's  Qovemment 
for  an  organisation  and  trial  of  a  plan  by  which  the  i^proach 
of  storms  might  be  telegraphed  to  distant  localities. 

At  two  meetings  in  Buckingham  Palace  early  the  follow- 
ing year  (1860),  minutes  were  authorised  on  this  subject^ 
and  correspondence  ensued  which  resulted  in  estabUshing 
a  telegraphic  communication  of  meteorological  &cts  between 
twenty  home  stations,  besides  foreign  ones. 

When  the  British  Association  met  at  Oxford  in  July,  1860, 
a  paper  was  read  by  Admiral  Fitzroy  on  the  measures  pro- 
posed for  meteorological  tel^raphy,  which  obtained  approval 
without  eliciting  any  opposition. 

Advancing  gradually,  the  first  cautionary  or  storm- 
warning  signals  were  made  early  in  1861-^  on  the  5th 
and  6th  of  February. 

In  fiirther  confirmation  of  the  hitherto  undisputed  fact 
that  it  is  to  the  zeal  and  energy  of  Admiral  Fitzroy  (and 
those  only  who  had  the  advantage  of  his  intimate  acquaint- 
ance know  how  great  and  vexatious  was  the  opposition  that 
his  plans  encountered  from  cei*tain  quarters)  that  England, 
and  to  a  great  extent  Europe  generally,  is  or  was  indebted 
for  her  system  of  cautionary  signals,  I  will  merely  quote  the 
following  paragraph  from  Sir  Henry  James's  "Instructions 
for  taking  Meteorological  Observations,"  published  m  1860, 

Sir  Henry  James  observes  —  "It  is  unnecessary  to  point 
out  the  vast  importance  of  being  able  to  foretell  the  advent 
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of  a  storm  many  hours  before  it  could  arrive  at  any  of  our 
'  ports,  and  Admiral  Fitzroy,  impressed  with  the  idea  that 
this  can  be  done  by  the  aid  of  the  telegraph,  has /or  aome 
yea/rs  past  urged  upon  the  Government  the  desirability  of 
establishing  telegraphic  communications  daily  between  our 
most  distant  ports,  and  especially  from  those  in  the  south  of 
Ireland" 

I  have  no  desire  to  detract  in  any  way  from  the  important 
services  rendered  to  meteorology  by  Dr.  B.  Ballot  When, 
however,  Admiral  Fitzroy  at  length  succeeded  in  extorting 
from  those  in  authority  a  reluctant  consent  to  the  issue  of 
storm  warnings  in  England,  he  was  distinctly  told  that  the 
cautions  must  be  given  on  his  sole  responsibility  and  that 
upon  him  must  rest  the  responsibility  of  their  fsdlure.  He 
did  not  shrink  from  that  responsibility.  The  storm  signals 
are  generally  admitted  to  have  been  a  great  public  benefit 
Had  it  been  otherwise,  upon  Admiral  Fitzroy  would  have 
fallen  the  c^i^credit  which  usually  attaches  to  failure.  It 
behoves  his  friends,  therefore,  to  take  care  that  his  name  be 
not  deprived  of  any  of  the  credit  which  belongs  to  success 

Mr.  Baxendell  explained  the^  construction  and  mode  of 
using  the  we&ther  signal  recently  invented  by  Dr.  Buys 
Ballot,  and  also  stated  that  the  Doctor  had  lately  found 
*that  the  discovery  of  the  fact  that  the  direction  of  the  wind 
was  generally  at  right  angles  to  that  of  a  line  joining  the 
areas  of  high  and  low  barometer  was  due  to  Dr.  Lloyd  of 
Dublin ;  but  he  still  claimed  to  have  been  the  first  to  make 
practical  application  of  this  discovery. 

Dr.  Joule,  F.RS.,  suggested  the  desirability  of  adding  to 
Dr.  Ballot's  instrument  an  arrow  fixed  in  a  direction  per- 
pendicular to  the  plane  of  the  indicating  board,  with  the 
view  to  prevent  the  possibility  of  aay  mistake  being  made 
as  to  the  direction  in  which  the  wind  might  be  expected  to 
o(Hna 
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Mr.  BAXENDISiL,  relferring  to  the  statement  made  by  the 
Prefiddeiit  of  tiie  Board  of  Trade  in  the  House  of  Commons 
on  ihe  15tii  instant,  in  reply  to  the  questions  put  by  Colonel 
Sykee  respecting  storm  si^nak,  remarked  that  a  concession 
had  certainly  been  made  by  the  Govemmeat,  but  unfOTtu- 
nately  it  had  this  very  objectionable  feature,  that  while  it 
would  be  far  less  useftd  than  the  thing  asked  for,  it  would 
involve  a  very  mudi  greater  current  expense.  "  The  inform- 
ation which  was  collected  daily  by  the  scientific  committee 
would  be  telegraphed  as  heretofore  to  the  diflferent  ports  and 
stations  throughottt  ike  kingdom  in  time  to  allow  of  forecasts 
to  be  made  in  aaiy  place  where  there  was  a  disposition  to 
make  them."  But  the  cost  of  daily  telegraphing  all  tiiis  infcav 
mation  to  the  various  outports  and  stations  would  obviously 
vastly  exceed  that  of  occasionally  transmitting  telegraphic 
notices  of  approaching  storms;  and  moreover,  it  seems 
never  to  have  occurred  to  the  scientific  committee  nor  to 
the  Board  of  Trade  that  it  would  require  scientific  meteoro^ 
logidts  at  all  tiie  ports  and  stations  to  interpret  the  indica- 
tions afforded  by  this  crude  and  undigested  information, 
men,  in  fact,  with  ability  to  do  that  which  the  scientific  com- 
mittee shrink  from  attempting  themselves.  But  such  men 
are  not  to  be  foxmd  at  many  of  the  outports,  and  especially 
at  the  fishing  stations;  and  even  if  they  were,  it  is  not  to 
be  expected  that  they  would  voluntarily  undertake  onerous 
duties  which  ought  to  be  discharged  by  a  competent  public 
officer  appointed  by  the  Board  of  Trade.  The  scientific 
committee  are  unwilling  to  issue  storm  warnings  because 
they  are  not  prepared  with  a  system  of  forecasting  founded  on 
a  strictiy  scientific  basis ;  but  this  is  no  valid  reason  for 
allowing  them  to  abolish  the  late  system,  which  was  wm*k- 
ing  so  well  for  the  interests  of  science,  commerce,  and 
navigation,  until  they  are  prepared  with  something  better 
to  replace  it  And  it  must  be  borne  in  mind  that  it  will 
not  in  the  end  conduce  to  the  interests  of  science,  if .  the 
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public  find  that  a  body  of  scientific  men,  invested  with  an 
unusual  power,  are  either  unable  or  unwilling  to  use  it  for 
the  public  good. 

"  On  the  Casting,  Grinding,  and  Polishing  of  Specula  for 
Reflecting  Telescopes,"  Part  III.,  by  James  Nasmyth,  Esq., 
C.  K,  Corresponding  Member  of  the  Society. 

The  author  in  this  part  of  his  paper  describes  in  consider- 
able detail  the  methods  he  employs  in  casting,  grinding, 
polishing,  and  giving  perfectly  flat  surfaces  to  the  plane 
mirrors  of  reflecting  telescopes. 
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PHOTOaEAPHIOAL  SECTION. 

February  20th,  1867. 

Dr.  J.  P.  Joule,  F.RS.,  &c.,  Vice-President  of  the  Section, 
in  the  Chair. 

"  On  the  Reversed  Action  of  Light  in  Photography,"  by 
Joseph  Sidebothah,  Esq. 

Those  who  have  for  many  years  been  engaged  in  photo- 
graphic pursuits,  either  as  amateurs  or  professionals,  have 
(especially  when  trying  some  new  process)  met  occasionally 
with  very  curious  results — ^  failures  as  photographic  pic- 
tures— ^but  of  the  greatest  value  as  remarkable  results  of 
the  eflfects  of  light  These  were  probably  much  more  fre- 
quent in  the  early  days  of  photography,  when  we  were 
dependent  in  a  great  measure  on  our  own  manufacture  of 
dhemicals,  even  to  the  preparation  of  asther;  Unfortunately 
but  few  of  these  curiosities,  as  we  may  call  them,  have  been 
preserved ;  in  the  desire  to  produce  good  pictures  these  have 
been  thrown  aside,  and  too  often  the  causes  of  the  strange 
results  have  not  been  ascertainedi  Thjs  is  the  more  to  be 
regretted  as  discoveries  of  great  value  may  be  hidden  under 
these  so  called  fidlures.  On  a  former  occasion  I  exhibited 
here  a  collodion  positive,  on  glass,  of  a  landscape,  with  the 
natural  colours,  red,  green,  and  blue,  very  fairly  represented, 
although  much  duller  than  in  natura  This  was  an  over 
exposed  picture,  and  not  noticed  particularly  until  a  day  or 
two  after  it  was  taken,  and  all  my  subsequent  attempts  were 
unsuccesafdl  to  obtain  another  similar  picture. 
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It  is  well  known  that  when  plates  are  over  exposed  in 
the  camera  the  action  of  light  becomes  reversed ;  thus,  a  sky 
which  ought  to  be  black  becomes  transparent^  and  a  print 
from  this  looks  somewhat  like  a  negative  on  paper.  Still 
the  action  is  by  no  means  regular,  and  there  are  many  points 
connected  with  this  action  which  require  careful  investiga- 
tion. 

It  is  my  intention  to  bring  some  of  these  before  you  this 
evening  in  a  brief  manner,  and  to  exhibit  some  curious  speci- 
mens in  illustration. 

All  photographers  must  have  noticed  now  and  then  where 
two  lines  of  light  and  dark  meet,  that  the  light  is  rendered 
more  intense  just  at  the  edge  of  the  black  or  dark  object; 
in  portraits  of  gentlemen  this  is  sometimes  very  prominent, 
the  dark  figure  is  thrown  up  as  intended  from  the  light 
background,  but  the  latter  is  so  much  more  intense  just 
round  the  figure  that  it  has  sometimes  the  appearance  of 
light  streaming  from  behind  This  effect  is  sometimes 
seen  in  landscapes  —  round  a  tower  or  even  a  tree  pro- 
jected against  the  sky  runs  a  line  of  intense  white  much 
deeper  than  the  sky  itself  On  the  other  hand  it  sometimes 
happens  that  in  a  landscape  with  mountains  the  edge  against 
the  sky  seems  to  be  robbed  as  it  were  of  a  portion  of  its 
intensity,  and  so  when  printed  exhibits  a  dark  edge. 

Again,  it  is  well  known  that  the  sky,  seen  through  small 
openings  in  trees  or  small  windows  in  a  ruin,  is  much  more 
intense  in  a  negative  than  the  great  mass  of  the  sky;  also 
that  in  taking  an  interior  view,  where  light  streams  through 
a  window  in  front  of  the  camera^  the  effect  produced  on  the 
negative  is  as  if  the  light  came  round,  illuminating  to  some 
extent  the  inside,  and  gradually  as  it  were  eating  away  the 
tracery  of  the  window. 

In  some  cases  where  the  bright  sky  is  seen  through  an 
opening  of  the  trees,  the  trees  and  branches  around  the 
opening  are  converted  in  the  photograph  into  pure  white 
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traoery  cm  a  darkened  aky,  and  the  reaiamd^  of  the  pietiire 
quite  natural;  in  some  cases  again,  one  half  of  a  photo- 
graph |may  be  correct  as  a  positive,  and  the  other,  the 
distance  exactly  like  a  paper  negative.  I  bring  with  me 
fDor  exhibition  specimens  of  these  several  effiscts,  which 
app^ttr  intimajkely  connected  together,  and  deserving  of  our 
attention. 

The  question  for  us  to  consider  is  whether  these  effects 
are  to  be  accounted  for  altogether  by  the  received  theories 
of  the  reversed  action  of  light  on  iodized  plates  or  paper 
when  exposed  too  long  in  the  camera^  in  other  words,  what 
used  to  be  called  solarization^  or  whether  to  some  extent, 
at  least,  these  are  not  copies  of  the  natiural  effects  as  the 
camera  sees  them,  and  as  we  shoidd  see  them,  if  we  looked 
aright. 

In  Tyndall's  work  on  the  glaciers  of  the  Alps  is  a  reference 
to  a  curious  phenomenon  he  saw,  where  the  trees  and  shrubs 
prqjected  against  the  sky  showed  aa  brilliant  white,  he  says 
this  i^enomenon  is  rarely  seen  by  guides  or  travellers, 
pevhaps  because  they  avoid  looking  towards  the  brilliant 
fljqr ;  he  aJao  quotes  a  letter  from  Professor  Necher  to  Sir 
Bavid  Brewster,  describing  the  same  phenomenon.  He  si^rs 
he  has  seen  it  at  different  times  of  the  day,  and  says  Haat 
the  appearaace  of  the  trees  projected  against  the  sky  is 
as  if  they  were  made  most  delicately  of  the  purest  silver. — 
At  pages  180  and  181  are  sketches,  which,  as  you  will  see, 
are  wonderfully  like  the  photographs  I  have  to  show. 

That  some  of  these  effects  can  be  accounted  for  I  am 
well  aware,  but  when  taken  together  there  is  much  that 
is  inexplicable,  the  explanation  for  one  case  will  not  suit 
another.  I  would,  therefore,  make  the  suggestion,  that 
in  some  states  of  the  atmosphere,  these  bright  lines  are 
to  be  found  in  nature,  either  visible,  or  of  such  actinic 
power  as  to  produce  the  results  you  see ;  there  are  certain 
edbets  in  nature^  for  iaatiuiee,  the  streaming  light  of  the 
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sun  from  b^UBd  eloixde^  of  which  the  eQiaerartaJtces  xio  nodio^, 
and  on  the  other  hand,  there  may  be  effects  in  nature 
invisible  to  us,  but  whi(^  act  like  the  invisible  rays  of  the 
spectrum  with  great  chemical  intensity. 

The  following  photographs  were  exhibited  to  illustrate 
the  above  remarks : — 

No.  1.  Showing  white  lines  round  figures,  and  chair  in 
carte  de  visite  portrait. 

No.  2.  Showing  white  line  round  church  tower  and  yew 
tree. 

No.  8.  Showing  white  line  faintly  above  the  hill,  also 
the  increased  depth  of  shade  at  the  extreme  top  of  it. 

No.  4  Showing  intense  white  line  dividing  landscape 
from  sky,  also  the  railings  on  bridge  against  the  sky  showing 
intense  white,  whilst  those  against  the  trees  are  black. 

No.  5.  Curious  compound  of  positive  and  n^ative,  the 
house,  road,  trees,  &c.,  in  foreground  being  positive,  and 
correct^  the  sky  black,  and  the  distant  trees  and  buildii^ 
white. 

No.  6.  Bridge  and  stream,  Foimtains  Abbey.  Showing 
the  foliage  around  the  opening  to  sky  traced  in  pure  white, 
the  other  part  of  photograph  being  natural. 

No.  7.  Showing  the  blurring  of  dark  tracery  when  light 
jrtreams  through  a  window. 

No.  8.  Showing  one  of  the  distant  hills  reversed,  appear- 
ing light  against  a  dark  sky,  the  other  mountains  appearing 
natural 

Mr.  Dancer  remarked  that  several  years  since  he  had 
attempted  to  explain  the  marginal  appearances  which  some 
photographic  negatives  exhibit,  by  supposing  that  the  force 
which  governed  the  deposit  forming  the  picture  was  more 
energetic  at  the  abrupt  boundary  line  between  a  light  and 
dark  object  than  on  other  parts  of  the  exposed  sensitive 
plate  where  there  was  less  contrast,  this  intensity  of  force 
bearing  some  analogy  to  that  which  is  observed  on  the  edges 
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of  bodies  influenced  by  magnetic,  electric,  or  chemical  action. 
More  recent  obeervations  had  induced  him  to  alter  tiiis 
opinion.  He  thought  the  phenomena  were  cauaed  by  inter- 
ference of  light  accompanied  by  difOraction  fringes  of  colour 
produced  by  the  projection  of  a  dark  body  against  a  bright 
sky.  The  actinic  effect  of  these  fringes  might  possibly  be 
increased  or  decreased  according  to  the  amount  of  chromatic 
correction  of  the  camera  lens  for  the  primary  and  secondary 
spectra.  Mr.  Dancer  stated  he  had  frequently  noticed  the 
reversed  action  of  light  from  over  exposure ;  with  the  old 
Daguerreotype  process  he  had  obtained  very  perfect  negative 
instead  of  positive  picturea  On  one  occasion,  in  1840,  he 
accidentally  exposed  an  iodized  Daguerreotype  plate  in  the 
camera  much  longer  than  the  usual  time;  in  this  picture 
the  natural  colours  of  the  objects  were  brought  out  in  a 
marked  degree.  This  picture  he  exhibited  to  many  friends, 
but  from  not  being  fixed  it  fisuied  after  some  time.  Subse- 
quent attempts  on  the  same  objects  fsdled  in  obtaining  the 
natural  colours. 
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Ordinary  Meeting,  March  5th,  1867. 

J.  P.  Joule,  LL.D.,  F.RS.,  fee,  Vice-President,  in  the  Cliair. 

Mr.  BiNNEY,  F.R.S.,  F.G.S.,  said  that  some  time  since,  by  the 
kindness  of  one  of  our  members  (Mr.  W.  Mellor),  he  had 
been  enabled  to  see  an  interesting  section  of  the  drift  and 
the  underlying  triassic  and  coal  measures  at  Ardwick.  The 
following  beds  were  met  with  in  the  descending  order : — 

Ft     In. 

Till,  or  Boulder  Clay,  about 45    0 

Lower  Gravel 2    6 

Lower  Soft  Sandstone  (Trias)  0    0 

Upper  Coal  Measures    0    0 

The  accompanying  wood  cut  wiD  show  the  position  of 
the  Strata : — 

a  Till  OP  Boulder  Clay.  b  Sand  and  Q^rarel. 

0  Upper  Co«l  Measures.  h'  Circular  hole  in  the  Sandstone 

d  Lower  Soft  Sandstone  (Trias).  filled  with  Sand  and  Gravel. 

The  gravel  under  the  Till  was  quite  dry,  and  when  it  was 
removed  by  tunnelling  in  the  sandstone  so  as  to  let  the 
whole  of  it  fall  down,  the  under  surface  of  the  Till  showed 
a  polished  appearance,  and  was  as  smooth  and  even  as  a 
plastered  ceiling.  It  was  composed  of  granitic,  trappean, 
Silurian,  and  carboniferous  rocks,  many  of  the  latter  being 
pBOOEBDnras — Lit.  &  Phil.  Socibtt. — Vol.  VI. — ^No.  12 — Session  1866-7 
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of  Spirorbis  limestone,  all  more  or  less  roimded  and  mixed 
with  a  reddish-coloured  sand.  The  thickness  of  it  was 
2  feet  6  inches,  and  it  rested  on  an  under  surface  of  upper 
coal  measures  and  lower  soft  sandstone,  which  bore  con- 
clusive evidence  of  erosion  and  long  exposure  to  aqueous 
and  atmospheric  agencies.  In  the  sandstone  was  a  singular 
excavation,  of  a  basin  shape,  about  2  feet  deep  and  2  feet 
10  inches  in  diameter,  and  marked  6'  in  the  wood  cut,  filled 
with  rounded  pebbles  and  sand.  One  of  the  former  was 
larger  than  the  rest,  and  composed  of  Spirorbis  limestone 
found  in  the  neighbouring  upper  coal  measures,  and  was  of 
a  pointed  form,  somewhat  like  the  cutter  of  a  planing 
machine,  and  rounded,  polished,  or  striated  on  all  sides  but 
one.  Its  weight  was  sixteen  pounds,  and  its  form  is  shewn 
in  the  accompanying  wood  cut,  about  ^th  the  size  of  the 
original : — 


The  surfaces  of  rocks  under  the  drift  is  generally 
interesting  to  geologists,  and  is  now  attracting'considerable 
attention.  How  the  hole  above  described  was  formed  it  is 
very  difficult  to  say.  It  might  have  been  made  by  an  eddy 
of  water  carrying  the  stones  round,  and  thus  excavating 
the  rock,  but  in  that  case  we  should  have  expected  to  find 
aU  the  pebbles  very  nearly  of  a  similar  shape  and  well 
rounded,  which  is  not  the  fact  The  form  of  the  stone 
herein  figured,  as  previously  stated,  reminds  us  of  a  cutter, 
and  if  it  were  fixed  at  the  bottom  of  a  mass  of  ice  moving 
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round  in  water  it  would  very  soon  form  a  hole  like  that 
above  described. 

He  (Mr.  Binney)  wished  geologists  to  examine  careftdly 
all  the  surfaces  of  rocks  m  situ  under  the  Till,  especially 
those  containing  hoUows  with  gravel  or  stones  in  them, 
which  might  come  under  their  observation,  and  not  only 
record  the  forms  of  the  holes,  but  also  the  shape  of  the  stones 
found  in  them. 


"  On  some  of  the  Conditions  of  Molecular  Action,"  by 
Arthur  Ransome,  M.B.,  MA,  Cantab. 

The  scope  of  this  paper  was  restricted  to  the  action  of 
different  substances  upon  one  another  through  the  interven- 
tion of  purely  molecular  forces  or  affinitiea 

The  following  propositions  probably  include  what  is 
known  of  molecular  force  : 

1.  That  it    depends    essentially  upon    the    elementary 

nature  of  bodies. 

2.  That  it  acts  without  regard  to  Tnass, 

3.  That  it  increases  inversely  as  the  distance  at  some 

enormous  ratio. 

4.  That  its  action  is  affected  by  calorific,  electric,  and 

probably  by  luminous  vibrations,  and  by  chemical 
affinity. 
6.  That  it  does  not  seem  to  differ,  in  kind,  from  the 
attraction  of  cohesion,  which    binds  together  the 
particles  of  the  same  substance. 
6.  That  chemical  affinity  may  be  similar  in  kind,  but 
that  it  differs    from    molecular  attraction  in  the 
power  of  producing  comhmation. 
When  molecular   operations    take    place    between    the 
particles  of  bodies  of  dissimilar  chemical  composition,  the 
following  conditions  are  found  to  favour  the  production  of 
molecular  and  chemical  changes : 
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(A)  That  two  01^  more  of  the  substances  submitted  to 
molecular  influences  have  a  more  or  less  powerfiil  atl^^action 
for  one  another. 

(B)  That  their  physical  condition  is  favourable  to  molecu- 
lar action. 

(C)  That  the  molecular  agent  or  "  catalyte"  has  very  low 
chemical  affinities  for  the  substances  acted  upon. 

(D)  That  the  molecules  of  the  catalyte  are  free. 

Each  of  these  conditions  were  considered  separately  in 
their  bearing  upon  difl*erent  molecular  actions. 

(A)  Of  Molecular  Affi^nity.  All  substances  may  possess 
absolutely  the  same  amount  of  molecular  force,  but  from  the 
differences  in  the  degree  of  approximation  of  their  particles, 
from  their  varying  chemical  affinities,  and  from  the  various 
extent  to  which  they  are  subject  to  the  different  affections 
of  matter,  they  may  not  be  able  equally  to  exert  their 
molecular  power. 

The  following  classes  of  actions  were  noticed  as  instances 
of  molecular  affinity,  and  the  mode  in  which  it  acts  was 
pointed  out : — 

1.  Attraction  of  solids  for  liquids,  including  capillary 

attraction ;  the  rise  of  liquids  in  porous  substances, 
and  upon  the  siufaces  of  solids ;  the  formation  of 
drops ;  and  some  of  the  phenomena  of  cementation 
by  means  of  colloid  substances. 

2.  Miaiares  of  fluids. — It  was  pointed  out  that  in  order 

that  two  fluids  should  be  entirely  miscible,  it  is 
necessary  that  the  particles  of  each  fluid  should  have 
for  those  of  the  other  a  gi^eater  molecular  affinity 
than  they  have  amongst  themselves. 

3.  The  cvttraciioiis  of  vapours  and  gases  were  illustrated 

by  the  distillation  and  diffusion  of  mixed  vapours 
and  gases. 

4.  The  solution  of  solids  was   supposed  to  be  due  to 

molecular  affinity^  causing  disintegration  and  liqui- 
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faction  before  mixation ;  and  the  influence  of  heat 
upon  the  action  was  considered. 
0.  In  catalytic  actions  the  force  sometimes  produces 
decomposition,  at  others  synthesis.  When  contact 
produces  decomposition,  as  when  binoxide  of  manga- 
nese facilitates  the  evolution  of  oxygen  from  chlorate 
of  potash,  the  molecular  affinity  of  the  catalyte  is 
probably  greatest  for  one  of  the  constituents  of  the 
substance  acted  upon,  and  it  attracts  this  to  such  an 
extent  as  to  enable  it  to  gain  its  freedom.  When 
synthesis  results,  aa  in  the  oxidation  of  alcohol  by 
means  of  platinum  black,  the  catalyte  draws  the 
particles  together,  or  it  may  be  able  to  concentrate 
upon  itself  one  of  the  elements  so  exclusively  that  it 
may  appear  in  an  undiluted  or  liquid  fcHin. 

6.  The  phenomena  of   osmose  were  ftdly  investigated, 

and  were  referred  to  the  mutual  attractions  of  the 
two  fluids  and  of  the  septum  itself. 

7.  Dialysis  probably  differs  from  osmose,  in  consequence 

of   the    peculiar    molecular    properties    of    colloid 

substances. 
8»  Tlie  cUtraxitioiiof  colloids,  a7id  of  heated  Tiietals  for  gases 

ami  vapours,  was  illustrated  by  the  recent  researches 

of  Dr.  Graham  and   Messrs.   Dumas  and  St  Clair 

Deville. 
(B.)  Molecular  conditions  favourable  to  catalysis.  Since 
molecular  attraction  is  independent  of  mass,  and  since  its 
power  is  only  exerted  at  very  small  distances,  it  is  evident 
that  molecular  attraction  can  only  be  exerted  at  the  surfaces 
of  the  acting  body,  the  second  stratum  of  molecules  will 
scarcely,  if  at  all,  affect  substances  lying  on  the  surface; 
hence  a  large  extent  of  surface  is  an  important  aid  to  mole- 
cular actions.  Points  of  matter  possess  still  greater  advan- 
tages from  their  power  of  undisturbed  action.  These 
remarks  were  attested  by  observations  i^xm  oataJytes,  by 
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the  power  possessed  by  points  of  £Etcilitating  vaporisation 
and  cnystallisation. 

(C.)  Low  chemical  ajffinities  of  catcdytes.  When  it  is  con- 
sidered that  the  molecular  forces  exerted  by  a  catalyte  can 
only  be  employed  when  the  substances  to  be  acted  upon  are 
brought  into  very  close  contact  with  it,  so  close  that  if  these 
substances  had  strong  chemical  affinities  for  one  another 
they  would  combine;  and  when,  further,  it  is  considered 
that  if  the  catalyte  united  chemically  with  other  material 
it  would  soon  cease  to  exist  as  such  and  would  lose  its 
catalytic  power,  it  becomes  obvious  that  catalytes  must  be 
chemically  indiflferent  to  the  substances  they  act  upon,  and 
not  only  is  this  the  case,  but  all  the  most  energetic  catalytes 
display  chemical  indifference  not  only  towards  those  sub- 
stances which  they  affect,  but  also  towards  ordinary  chemical 
reagents ;  instances  of  this  fact  were  found  in  the  catalytic 
properties  amongst  metalloids,  of  charcoal,  glass,  and  sand ; 
amongst  metals,  of  platinum,  and  others  which  are  least 
affected  by  oxygen.  The  researches  of  Dr.  Charles  Heniy 
and  Mr.  J.  A.  Ransome,  and  of  the  Rev.  J.  Eyre  Ashby, 
upon  the  catalytic  powers  of  metals  and  their  oxides,  were 
quoted,  and  the  conclusion  was  drawn  that  it  is  not  those 
oxides  which  have  an  excess  of  oxygen,  nor  yet  those  which 
most  readily  part  with  it,  but  it  is  the  sesquioxides  whose 
influence  is  most  felt.  It  was  also  pointed  out  that  ferments, 
the  most  remarkable  substances  in  the  organic  kingdom  for 
their  catalytic  power,  belong  imiversally  to  the  class  of 
colloid  bodies,  one  of  whose  chief  characteristics  is  that  of 
"  chemical  indifference." 

(D)  The  molecules  of  the  catalyte  must  be  free  from  any 
stain  of  vapour  or  any  other  substance  which  might  partially 
impede  its  molecular  action.  The  condensation  of  vapour 
upon  solids  had  been  noticed  by  Professor  Magnus  and 
Messrs.  Janion  and  Bertrand,  and  the  importance  of  cleansing 
catalytes  by  heat  or  other  means  was  pointed  out;  also  the 
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effect  of  acids  upon  alloys  and  the  energy  of  nascent  sub- 
stances was  ascribed  in  part  to  their  freedom  from  all  taint 
of  other  matter. 

Catalytic  bodies  were  shown  to  fulfil  all  these  conditions, 
but  it  was  pointed  out  that  many  forms  of  so-called  catalysis 
were  complex,  not  simple  processes. 

The  application  of  these  facts  to  physiology  was  remarked 
— ^the  presence  in  the  living  body  of  substances  whose 
chemical  reactions  are  continually  modified  by  variations  in 
their  molecular  condition,  and  by  which  energy  was  stored 
up  until  it  is  required,  and  by  which,  probably,  fermentative 
changes  are  produced. 


Observations  of  the  Eclipse  of  the  Sun,  March  6th,  1867. 

By  Mr.  Baxendell,  at  Mr.  Worthington's  Observatory. 
53°  30'  500''  N.     8™  5616»  W. 

First  contact  8^  20"  16-6*  a.m.  G.M.T. 

Laat  contact    10^  50«  21-9-    „         „ 

About  a  minute  before  the  time  of  first  contact  two  or 
three  small  clouds  passed  over  the  sun,  and  its  limb,  which 
had  been  tolerably  steady  and  well  defined,  became  exces- 
sively tremulous,  and  continued  so  till  after  the  contact  had 
taken  place.  The  time  given  may  therefore  be  uncertain  to 
the  extent  of  two  or  even  three  seconds.  At  the  end  of  the 
eclipse  the  limb  of  the  sun  was  very  steady,  and  the  time  of 
last  contact  was  observed  very  satisfactorily.  Only  one 
small  black  spot  and  two  or  three  minute  ones  of  a  penum- 
bral  character  were  visible  on  the  sun's  disc ;  but  a  fine 
group  of  faculsB  near  the  following  limb  formed  a  very 
interesting  object  for  examination  during  the  early  part  of 
the  progress  of  the  ecUpset 
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By  Mr.  Brothers,  F.RA.S.,  at  UH)er  Brook    Street 

53"  2r  560'  N,     ^  54-38»  W. 

First  contact    8*»  20»  15-4»  a.m.  G.M.T. 

Last  contact    lO**  50"  20-7*    „  „ 

By  Mr.  Mackebeth,  F.R.A.S.,  at  Eccles.     53°  29'  12''  N. 
9'"  21  5'  W. 

First  contiKft   8*»  20"  15'    a.in.  G.M.T. 

Last  contact    W  60"  10* 
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Ordinary  Meeting,  March  19th,  1867. 


Edwabd  Schunck,  Ph.D.,  F.RS.,  &e.,  President,  in  the 
Chair. 

"Observations  of  the  EeUpse  of  the  Sun,  March  6th, 
1867,"  by  J.  B.  Dancer,  F.R.A.S. 

Observatory,  Old  Manor  House,  Ardwick,  Lat,  53°  28' 
23''  N.,  Lon.  8™  53-93«  W. 

First  contact,  not  timed. 

Contact  with  elongated  black  spot S'^  43"*  36'  G.  M.  Time. 

Last  contact  of  moon's  limb  10  50    17'5        „ 

Just  before  the  first  contact  my  attention  was  unfortu- 
nately taken  from  the  telescope,  and  when  I  got  to  the 
instrument  again  the  eclipse  had  commenced. 

The  weather  was  very  favourable  and  the  atmosphere 
remarkably  steady;  clouds  occasionally  passed  over  the  sun 
but  did  not  obscure  the  disc  for  any  length  of  time. 

The  telescope  used  was  10  feet  6  inches  focal'  length  and 
7\  inches  diameter.  The  full  aperture  of  the  object  glass 
was  employed,  with  a  power  of  50,  and  using  a  diagonal 
glass  sun  prism  numerous  groups  of  faculse  were  visible,  but 
no  macute  excepting  the  dark  spot  named  above.  The  beha- 
viour of  this  spot  interested  me,  and  as  il*  may  have  been 
noticed  by  other  observers  I  will  describe  it.  I  Jiave  already 
stated  that  the  atmosphere  was  very  steady,  indeed  I  have 
seldom  seen  the  edge  of  the  sun  so  free  from  all  disturbance. 
When  the  moon's  fidg^.^^ppyQti^h^d.tb©  dark  spot  it  suddenly 
P«oo«BDnf08— Lit.  &  Phii.  Socibty.— Vol.  VI.— No.  18— Smsioh  1866-7 
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became  tremulous  and  lighter  in  colour  before  it  disappeared 
behind  the  body  of  the  moon ;  there  was  no  visible  doud 
passing  at  the  time  and  the  sun's  edge  was  sharply  defined 
and  perfectly  steady. 

During  the  progress  of  the  eclipse  the  serrated  edge  of 
the  moon  was  beautifully  distinct,  powers  from  50  to  320 
were  used  to  look  at  the  prominences  on  the  moon's  edge. 
I  had  several  telescopes  directed  to  the  sun ;  some  of  these 
had  4^  inches  and  5^  inches  diameter  object  glasses.  The 
value  of  aperture  in  observing  the  edge  of  the  moon  and  the 
ftbculse  on  the  sun's  disc  was  very  manifest  when  using  the 
7^  inch  diameter  glasa 

The  temperature  in  the  sun  during  the  eclipse  was  taken 
at  intervals  with  a  very  delicate  black  bulb  mercurial  ther- 
mometer. The  record  shows  that  the  increase  of  temperature 
due  to  the  increasing  altitude  of  the  sun  was  greater  than 
that  of  the  opposite  effect  caused  by  the  obscuration  of  the 
disc  until  nearly  the  time  of  the  greatest  phase.  The  effect 
of  passing  clouds  is  shown  by  the  fluctuations  of  the  mercury 
during  the  progress  of  the  edipsa 

Temperature  3  feet  6  inches  above  ground  Black  bulb 
in  sun. 

h        m 

39°      ^ •. 8  20 

39-25    8  34 

39*5      8  48 

39-75    8  58 

391      9  11 

38-75   Greatest  Phase     9  32 

40-       9  58 

40-2      10  3 

40-5      10  7 

40-1      .^ 10  19 

42-75    10  28 

44-25    10  40 

43^4     End  ^.^ 10  50 
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Temperature  in  shade  4  feet  6  inches  above  ground 

Time  of  greatest  obscuration 32"* 

At  the  end  of  eclipse ..; 34'6 

Temperature  on  ground 

Greatest  obscuration 29** 

Endof  eclipse 31-5 


''  On  an  Apparatus  for  determining  the  Horizontal  Mag^ 
netie  Intensity  in  Absolute  Measure,"  by  J.  P.  Joule?, 
LLD.,  F.RS.,  &C.,  V.P. 

Many  years  ago  Weber  described  a  small  portable  appara- 
tus for  ascertaining  the  horizontal  component  of  the  int^isity 
of  the  earth's  magnetism.  In  it  a  magnetic  bar,  about  four 
inches  long,  was  vibrated  under  the  influence  of  the  earth's 
magnetism,  and  afterwards  employed  to  deflect  a  compass 
needle.  The  moment  of  the  deflecting  bar  was  determined 
from  its  dimensions  and  weight,  the  compass*  needle  was 
supported  on  a  point  in  the  ordinary  manner,  and  no  allow- 
ance was  made  for  the  influence  of  the  earth  in  increasing 
the  strength  of  the  magnet  while  vibrating  in  the  magnetic 
meridian.  Notwithstanding  these  defects,  the  results  obtained 
were  of  considerable  accuracy,  and  justified  the  employment 
of  the  portable  apparatus  by  travellers.  I  have  endea- 
voured to  improve  Weber's  apparatus,  so  as  to  give  it  an 
accuracy  comparable  to  that  of  the  instruments  employed  in 
stationary  observatories,  without  increasing  its  expeoise  or 
diminishing  its  portability.  I  will,  with  these  preliminary 
observations,  at  once  commence  by  describing  ihe  various 
parts  of  the  apparatus  I  have  constructed  for  my  own  use. 

I  employ  two  deflecting  bars,  for  reasons  which  will  after- 
wards appear.  It  is  important  that  the  length  of  the  bars 
should  be  decreased  as  far  as  possible.     By  so  doing,  there 
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is  greater  probability  of  obtaining  perfect  homogeneity  and 
accuracy  of  dimension,  whilst  they  may  be  more  readily 
and  thoroughly  magnetized.  I  have,  after  much  trial  and 
consideration,  fixed  upon  two  inches  as  the  most  convenient 
length,  and  on  one  quarter  of  an  inch  as  the  section  of  the 
bar.  The  bars  are  first  filed,  then  thoroughly  hardened,  and 
afterwards  ground  to  an  exact  figure,  the  operations  being 
finished  by  rubbing  the  bars  together  with  a  little  cutting 
powder  between  them.  The  bars  may  easily  be  made  so 
true  that  when  dry  and  perfectly  poUshed,  they  will  adhere 
strongly  together.  When  finished,  they  must  be  measured 
by  a  standard  rule  under  a  microscope — ^the  means  of  obser- 
vations in  many  places  being  taken  for  the  respective  dimen* 
sions.     Their  weight  must  also  be  accurately  determined. 

The  moment  of  a  homogeneous  paraUelopiped  in  vibra- 
tion is  found  by  multiplying  the  square  of  the  diagonal  of  the 
upper  surface  by  the  weight  of  the  bar,  and  dividing  by  12, 
If  it  be  thought  desirable  to  test  the  accuracy  of  the 
moment  thus  deduced,  the  best  plan  is  to  fasten  small  cubes 
of  lead  to  the  ends  of  the  bar,  by  an  elastic  band.  These 
cubes  must  be  carefully  wrought  and  measured,  and  their 
moment  may  be  found  by  subtracting  the  moment  of  a  bar 
of  lead  two  inches  long  firom  that  of  a  bar  two  inches  long, 
plus  the  length  of  the  two  pieces.  When  the  moment  of 
the  pieces  of  lead  is  determined,  that  of  the  steel  bar 
may  be  found  by  vibrating  it  first  by  itself,  and  then  with 
the  lead  cubes  attached.  Another  plan  is  to  hang  pieces  of 
lead  from  the  ends  of  a  filament  of  silk  thrown  over  the  bar, 
but  in  this  case  great  care  is  requisite  that  the  filaments  have 
very  little  force  of  torsion,  and  that  the  vibration  is  very  slow. 
The  moments  of  the  four  bars  I  have  finished,  as  deter- 
mined by  the  above  means,  are  as  follows  : — 
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By  Measure- 
ment 

By  Fixed  Lead 
Weighto. 

By  Baspended 
LeadWeightii. 

Average. 

No. 

1... 

...     86-246     . 

..     86-173     . 

..     86-225     .. 

.     86-215 

No. 

2... 

...     86-424     . 

..     86-330     . 

..     86-435     .. 

.     86-396 

No. 

3... 

...     85-248     . 

..     85-070     . 

..     85-283     .. 

.     86-200 

No. 

4... 

...     84-843     . 

..     84-773     . 

..     84-906     .. 

.     84-841 

The  results  show  that  the  moments  of  steel  bars,  when 
carefully  finished,  may  be  very  correctly  deduced  from  their 
linear  dimensions  and  weight. 

It  is  important  that  the  bars  should  be  thoroughly  and  imi- 
formly  magnetized.  This  is  best  effected  by  bringing  the 
ends  of  the  bar  into  contact  with  the  ends  of  two  straight 
electro-magnets  of  considerable  power.  In  this  way  the 
confused  polarity,  which  more  or  less  exists  in  all  bars  mag- 
netized by  stroking,  is  avoided — ^the  result  being,  that  the 
magnetic  virtue  is  more  permanent,  and  at  the  same  time, 
much  more  effective. 

The  needle  to  be  deflected  should  be  of  small  dimensions, 
Hot  exceeding  half  an  inch  in  length.  It  may  be  conve- 
niently made  of  several  perfectly  hard  pieces  of  common 
sewing  needle  mounted  on  perforated  card.  A  glass  index 
should  be  affixed  to  it,  the  ends  being  furnished  with  very 
fine  bits  of  copper  wire.  These  show  well  when  traversing 
the  graduated  circle. 

A  circle  of  six  inches  diameter  will  be  foimd  a  convenient 
size.  It  should  be  divided  to  thirds  of  a  degree.  The 
deflections  may  be  read  off  with  sufficient  accuracy  by  the 
aid  of  an  eye-glass,  a  piece  of  looking-glass  being  placed  on 
the  table  to  ensure  the  correct  perpendicularity  of  the 
eye»  It  is  easy  after  a  little  practice,  if  read  off  the  deflec- 
tions to  half  a  minute  or  less.  The  needle  should  be 
protected  from  currents  of  air  by  being  placed  with  its 
circle  in  a  shallow  box  covered  by  a  glass  plate,  in  the 
centre  of  which  there  is  a  hole  for  the  purpose  of  suspension. 

A  filament  of  silk  of  six  inches  length,  and  strong  enough 
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to  carry  the  needle  with  safety,  will  be  found  to  give  a 
quantity  of  torsion  so  small  that  it  may  be  n^lected,  not 
amounting  to  more  than  a  small  fraction  of  a  minute  in  a 
deflection  of  45*".  For  suspending  the  deflecting  bars  a 
stronger  thread  is  required,  but  by  increasing  its  length  to 
four  or  or  five  feet  the  effect  of  torsion  in  this  latter  case 
also  becomes  too  small  to  require  notice. 

The  remaining  part  of  the  a{>paratus  gives  Uie  means  of 
placing  the  deflecting  bars  at  accurately  measured  dista&oes 
from  the  needle.  This  haa  generally  been  done  by  means 
of  a  divided  metal  rod;  but  I  find  that  a  plain  board  of 
well-seasoned  deal,  with  a  circular  hollow  excavation  in  the 
centre  for  the  graduated  circle,  answers  the  purpose  veiy 
well  It  is  needful  to  be  able  to  place  the  bars  rapidly  to 
an  exact  position  on  the  board  This  is  best  done  for  each 
distance  by  driving  pins  into  the  board,  and  cutting  them  off 
pretty  close  to  the  wood,  one  pin  regulating  the  distance 
and  two  others  the  direction.  It  is  only  necessary  to  push 
the  bar  up  to  its  defined  position.  The  distances  of  the 
pins  on  the  east  side  of  the  suspended  needle  firom  the 
corresponding  ones  on  the  west  side  are  in  my  own  ^paratus 
15,  20,  25,  and  30  inches,  half  tho^e  distances  being  the 
mean  distances  of  the  bar  from  the  needle.  The  first  two 
distances  are,  however,  all  that  are  actually  required. 

In  making  the  observations  of  deflection  two  bM^  are 
used,  one  on  the  east  side,  the  other  on  the  west  of  the 
needle.  They  must  be  carried  to  their  respective  places  by 
wooden  pincers,  and  on  no  account  touched  by  the  fingers 
or  subjected  to  any  violence.  The  deflection  marked  by  tiie 
pointer  at  both  ends  of  the  needle  must  be  observed,  and 
then  the  bars  must  be  reversed  and  the  deflection  in  the 
other  direction  also  observed.  The  bars  must  then  be 
removed  to  the  next  distances  and  the  observations  repeated. 
Finally  the  bars  must  be  made  to  change  sides  fix)m  east  to 
west,  and  all  the  former  observations  repeated  in  the  reverse 
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order.  Thus  eight  separate  observations  are  obtained,  of 
which  the  average  gives  the  deflection  due  to  any  given 
distance. 

The  only  further  observation  required  for  finding  the 
earth's  horizontal  intensity  is  that  of  the  number  of  vibra- 
tions of  the  bars  under  the  influence  of  the  earth's  magnetism. 
It  is  clear  that  when  a  bar  is  vibrating  about  the  magnetic 
meridian  its  magnetism  is  sUghtly  increased  by  the  inductive 
influence  of  the  earth,  and  that  thus  the  number  of  vibrations 
is  increased.  The  use  of  two  bars  enables  me  to  get  rid  of 
this  difficulty  in  a  very  simple  manner.  I  find  the  distance 
at  which  one  bar  must  be  held  below  the  other  so  as  to 
coimteract  the  earth's  magnetism ;  then  I  suspend  the  two 
bars,  one  beneath  the  other,  at  that  interval,  and  vibrate 
both  together.  The  result  gives  the  number  of  vibrations 
due  to  the  magnetism  of  the  bars  as  uninfluenced  by 
induction. 

The  method  of  suspension  I  have  found  most  convenient 
is  as  follows: — A  fine  wire  is  twisted  round  the  centre 
of  one  of  the  bars,  forming  a  loop  which  is  caught  by  asmaU 
hook  fastened  to  the  extremity  of  the  suspending  fibre. 
Then  a  filament  of  silk  of  the  proper  length,  tied  at  tiie 
ends  so  as  to  form  a  long  loop,  is  thrown  along  the  length 
of  the  suspended  bar,  and  the  ends  of  the  other  bar  are 
placed  in  the  ends  of  the  loop.  There  is  some  slight  difficulty 
in  making  the  bars  hang  quite  horizontally,  but  this  may 
be  overcome  by  a  little  practice.  The  proof  of  accurate 
horizonal  position  is  made  by  looking  at  the  bar  and  a  spirit 
level  simultaneously  from  a  distance  with  a  telescope. 

The  bars  being  arranged  as  above  in  one  system,  and 
having  nearly  the  same  amoimt  of  magnetism  in  each,  vibrate 
with  perfect  regularity.  To  ascertain  the  time  occupied  by 
the  vibrations  I  look  at  the  system  through  a  telescope 
placed  at  a  distance  of  two  or  three  yards,  a  clock  beating 
seconds  being  within  hearing.     Then  I  have  a  slate  divided 
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into  ten  columns,  and  each  time  that  I  note  the  end  of  a 
vibration  I  make  a  mark  on  the  slate,  counting  at  the  same 
time  the  ticking  of  the  clock.  Every  time  that  the  end  of 
a  vibration  appears  to  be  sensibly  coincident  with  the  beat 
of  the  clock  I  write  the  number  of  seconds  on  the  slate 
alongside  the  usual  mark.  After  observing  the  vibrations, 
which  ought  not  to  exceed  S""  of  amplitude,  for  about  ten 
minutes,  materials  will  have  been  collected  for  obtaining  a 
sufficiently  accurate  determination  of  the  time  of  vibration 
by  dividing  the  times  between  the  several  coincidences  by 
the  number  of  intervening  vibrations  and  taking  the  mean 
of  the  whole. 

As  has  been  shown  by  Gauss  and  Weber,  if  M  be  the 
force  of  the  magnetic  bars  in  absolute  measure,  0  the  angle 
of  deflection  produced  at  the  distance  R,  and  T  the  absolute 

horizontal  intensity  of  the  earth's  magnetism,  =^= ^ , 

but  approximately  only,  because  the  deflecting  power  of  a 
bar  decreases  in  a  more  rapid  ratio  than  the  inverse  cube  of 
the  distance,  on  accoimt  of  its  own  magnetic  length.  Hence 
the  necessity  of  a  correction  which  may  be  found  by  observ- 
ing the  deflections  at  two  distances  Band  R,from  which  we 

obtain  L^=^.^p ot>V  where  L  signifies  the   virtual  half 

length  of  the  bar.     Tlien  we  obtain  the  closely  correct  value 

-ps-= — 2 L^R  tan  6.     Calling  this  quantity  r,  as  in 

Gauss  and  Weber's  equation,  we  have  finally  T=-  / —  , 

where  t  is  the  time  of  vibration  in  seconds,  C  is  the  mo- 
ment of  inertia  of  the  bars  multiplied  by  ir^,  and  12  is  the 
coefficient  to  reduce  from  inches,  to  feet. 

The  following  were  the  data  for  determining  the  horizon- 
tal intensity  on  four  several  occasions. 
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Jaii.2Mh, 

Feb-ttb. 

Feb.  nth. 

March  Kth. 

1887. 

18«7. 

1887. 

1887. 

c 

..1691-80 

..169004 

.1690-04 

.1690^04 

R 

..       7-5 

..       7-6 

7-5 

.     10 

R. 

...     10 

..     10 

.     10 

.     126 

tau0... 

•913087 

•97862  . 

•97620. 

•40610 

tan0, 

•379294 

•40607  . 

•40480. 

•20656 

t   

2-8407 

2^7446     . 

.      2-7483  . 

.      2-7423 

L» 

•9679 

..       1^028 

.       1-0122  . 

•9007 

r  

..  185-976 
...      3-6779 

..  198^861       . 
...      3-6796     . 

.  198-303     . 
36796  . 

.  199-396 

T 

3-6776 

The  above  determinations  were  obtained  in  a  room  in 
which  there  are  several  pieces  of  iron  in  fixed  positions,  and 
in  the  neighbourhood  of  which  are  some  considerable  masses 
of  that  metal  I  have  ascertained  that  these  had  an 
influence  in  increasing  the  intensity  by  about  a  fortieth.  My 
current-meter,  by  which  the  horizontal  intensity  is  immedi- 
ately deduced  from  a  comparison  ^  of  its  weighings  with  the 
deflections  of  a  tangent  galvanometer  included  in  the  same 
circuit,  shows  a  gradual  increase  of  the  intensity  since  last 
September,  conformably  with  the  results  obtained  in  past 
years  at  Kew. 


"  Note  on  the  Tangent  Galvanometer,"  by  J.  P.  Joule, 
LL.D.,  F.R.S.,  &a,  V.P. 

It  is  well  known  that  a  current  circulating  round  a 
magnetic  needle  produces  a  deflection  of  the  latter,  the 
tangent  of  which  is  approximately  proportional  to  the 
strength  of  the  current  Pouillet  made  the  approximation 
much  more  close  by  using  a  broad  strip  of  copper  bent  into 
a  circle,  instead  of  the  usual  coil,  and  thus  obtained  the 
instrument  commonly  known  as  the  tangent  galvanometer. 
The  arrangement  of  Pouillet  ensures  a  close  approximation, 
it  is  true,  but  it  does  not,  after  all,  exactly  fulfil  the  law  of 
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tangents;  and  in  absolute  measurements  it  has  the  dis- 
advantage that  the  diameter  of  the  eircle  of  ribbon  cannot 
be  taken  as  the  virtual  diameter.  It  appeared  to  me  that 
the  best  plan  for  a  galvanometer  would  be  to  use  a  wire  of 
about  one-tentii  of  an  inch  diameter,  surrounding  a  short 
needle,  and  to  supply  the  small  correction  needed  to  the 
tang^its  of  the  deflections  of  the  latter. 

Calling,  then,  9  the  angle  of  deflection,  I  the  magnetieal 
length  of  the  needle  (generally  about  four-fifths  of  the  actual 
length),  and  d  the  diameter  of  the  coil,  we  have 

{(2sin0)«— (cosa)"}  Q  tane, 

or,  more  el^antly  and  rimply,  as  suggested  to  me  by  Pro- 
fessor Jack, 

^4tan«0— l)^,.8m20, 

for  the  correction  to  be  supplied  to  the  tangent  of  the  angle 
observed.  This  correction  is  additive  at  great  deflections, 
and  subtractive  at  small  ones,  whilst  at  26**  34'  the  correction 
vamshes. 

It  seemSj  therefore,  desirable  that  in  exact  researches  a 
needle  of  small  length  should  be  employed,  and  tlie  apparatus 
so  arranged  as  to  give  a  deflection  somewhere  about  the 
above-indicated  angle,  where  the  correction,  if  needed  at  all, 
would  be  of  trifling  amount 


"  On  a  Secti<Hi  of  the  Drift  Deposits  in  the  Banks  ot  the 
Ribble,  near  BjJderston  Hall,"  by  Edwabd  Hull,  B.A., 

F.as. 

Since  my  paper  on  the  ''  Drift  Deposits  in  the  neighbour- 
hood of  Manchester,"  &c.,  was  published  in  the  memoirs  of 
the  Literary  and  Philosophical  Society  of  Manchester,*  I  have 
had  opportunities  of  considerably  extending  my  acquaint- 

•  Mem.  Lit.  h  FhiL  Soo.,  Mmehwtw,  toL  ii.,  S  teriM,  p.  440. 
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ance  with  these  quaternaiy  beds  in  a  northerly  direction, 
as  far  as  the  banks  of  the  Bibble.  What  I  have  seen  in  these 
districts  has  fully  borne  out  the  sitat^Daent  which  I  made  in 
that  paper,  that  the  sand  and  gravel  which  rests  on  the 
Lower  Till,  or  Boulder  Clay,  is,  in  turn,  itself  "  overlain  by 
an  UppOT  Till,  or  Boulder  Clay,  quite  as  important,  both  in 
thickness  and  extent  as  that  which  lies  below  it."  The 
succession  of  these  drift  deposits  which  I  then  ventured  to 
submit  in  modification  of  that  by  Mr.  Binney,  F.RS.,*  was 
as  follows : — 


Recent...!.     Valley  Gravel  and  River  Terraces. 

'  2.    Upper  Boulder  Clay,  or  TilL 
Drift.,  -l  3.     Middle  Sand  and  Gravel 

Lower  Boulder  Clay,  or  TilL 


■e 


1  wish  now  to  describe  a  remarkable  section  visited  by 
me  a  few  months  since  on  the  Banks  of  the  Ribble  at  Bal- 
derston,  some  distance  below  Ribchester.  It  is  shown  on 
the  south  bank  of  the  river  at  Jackson's  Bank  Wood  In 
this  district,  the  Ribble  meanders  over  a  wide  alluvial  plain, 
hollowed  out  of  a  larger  valley  of  older  date,  which  is  over- 
spread to  a  great  depth  by  drift  deposits,  so  that  it  is  only 
at  intervals  the  solid  formations  appear  from  below,  even  in 
the  bed  of  the  river  itself  At  the  elbows  of  the  river  the 
banks,  which  are  often  150  to  200  feet  in  height^  are  gene- 
rally composed  of  quaternary  deposits,  and  the  river  is  ever 
wearing  away  these  soft  materials,  which  frequently  come 
down  in  great  landslips,  and  are  carried  downwards  to  the 
sea;  My  visit  was  made  a  few  days  after  the  great  flood  of 
last  November,  when  the  river  rose  60  feet  above  its  bed — 
overflowing  the  aUuvial  plain,  and  bringing  down  vast 
masses  of  its  banka 

At  Jadcson's  Bank  Wood  the  river  makes  a  fine  sweep, 

*  "  On  the  Drift  Deposits  of  Manoheeter  and  its  Keighbonrhood."  Mem. 
lit.  A  FbiL  Soa,  yd.  tbL,  8  series* 
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and  the  section,  which  is  200  feet  in  depth,  is  very  dearly 
laid  open  throughout  a  horizontal  distance  of  several  hun- 
dred yards.  It  is  represented  in  cross  section  in  the  figure 
below. 

Section  of  Drift  Depodts  in  the  Banks  of  the  Ribble 
(U  Baiderston. 


Alluvi*!  PUin  R  Ril»We 


c      Upper  Till,       Reddish  TUl,  from  70  to  80  feet  m  thickness. 
B    Middle  Sand,    Yellow  and  white  soft  sand,  with  beds  of  gravel, 

from  85  to  90  feet. 
0     Lower  Till,       Dark  blue  stiff  clay,  forming  the  bottom  of  the 

bank,  about  25  to  30  feet  in  thickness. 

The  line  of  demarcation  between  the  several  members  of 
the  drift  in  this  section  is  remarkably  clear,  and  shows  the 
great  importance  of  the  Upper  Till,  which  forms  the  top  of 
the  bank  for  a  depth  of  about  85  or  90  feet,  and  spreads  over 
the  country  for  miles.  K  there  were  no  other  section  than 
this  it  would  be  sufficient  to  establish  its  place  in  the  series 
of  Drift  Deposits. 

In  this  section,  and  in  some  others  I  have  noticed,  there 
appears  to  be  a  difference  between  the  Upper  and  Lower 
beds  of  Till.  The  Upper  seemed  to  partake  of  a  laminated 
or  bedded  structure,  while  the  lower  (as  far  as  it  was  possi- 
ble to  judge  at  some  distance,  as  it  was  inaccessible)  seemed 
to  want  any  appearance  of  stratification,  and  to  correspond 
rather  to  the  description  which  Mr.  Geikie  gives  of  the 
Lower  Till  of  Scotland.     This  he  considers  to  have  been 
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formed  by  land  ice,  and  in  Scotland  is  generally  destitute  of 
any  true  stratification.  In  Lancashire,  however,  I  have 
several  times  observed  the  Lower  Till  to  be  truly  bedded ; 
and  I  doubt  much  whether  we  have  anything  which  exactly 
corresponds  to  the  Lower  Till  of  Scotland,  at  least  until 
we  approach  the  hills  of  the  Borders  and  of  the  Lake 
districts. 

At  Blackburn  the  Upper  Till  descends  into,  and  forms, 
the  valley  on  which  the  town  is  built.  It  is  in  some  places 
several  yards  in  thickness  resting  on  the  Middle  Sand,  which 
at  Pleasanton  and  Hoghton  produces  an  undulating  country, 
sometimes  assuming  the  form  of  sand-^lunes. 

I  shall  conclude  this  notice  with  one  remark.  There  are 
few  things  more  deceptive  than  steep  sections  in  drift 
deposits  on  the  banks  of  a  river  or  brook ;  and  unless  the 
observer  is  aware  of  the  fiict,  he  is  liable  to  error.  In  cases 
where  Till  forms  the  upper  part  of  the  bank  and  rests  4ipon 
beds  of  sand,  the  latter  is  sometimes  completely  hidden  from 
view  by  a  thick  wash  of  the  Till,  which  then  seems  to  form 
the  whole  diff.  This  is  sometimes  the  case  with  the  banks 
of  the  Babble,  and  arises  from  two  causes :  The  first  is — 
that  the  sand  is  easily  undermined  by  the  stream,  and  giving 
way,  the  Red  Till  comes  slipping  down  from  above,  and 
being  more  plastic,  or  cohesive,  forms  a  covering  for  the 
whole  surface.  The  second  cause  is — ^the  rain,  which  softens 
the  clay,  and  when  a  heavy  fall  happens,  it  is  carried  down 
in  a  semi-fluid  state  and  spread  over  the  underlying  beds. 
It  is,  therefore,  by  no  means  common  to  find  so  fine  a  section, 
showing  the  three  members  of  the  drift  series  in  their 
respective  order  and  thickness,  as  that  described  at  Balder- 
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ston,  which  is  my  apology  for  bringing  it  before  the  notice 
of  the  Society. 

I  may  state  that  the  height  of  the  cliff  is  taken  from  ihe 
ecmtonr  lines  on  the  Ordnance  6-inch  map,  and  the  thicknfWB 
d  the  different  members,  by  estimating  by  the  eye  their 
relative  proportions  from  a  pouit  on  a  level  with  the  oentre 
of  the  cli£ 
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PHOTOaBAPHIOAL  S£0nON. 

March  12th,  1867. 

Samuel  Cottam,  Esq.,  in  the  Chair. 

Mr.  Wabdlet  said  that  he  had  observed  recently  in  the 
Photographic  Jonmals  that  complaints  were  made  as  to 
the  appearance  of  streaks  on  collodion  plates  in  the  direction 
of  the  dip.  He  had  never  until  lately  seen  anything  of  the 
kind,  but  he  had  been  using  some  collodion  which  produced 
the  markings,  and  he  noticed  that  the  streaks  could  be  seen 
on  the  plates  when  taken  out  of  the  bath,  and  before  expo- 
stire.  The  marks  were  not  such  as  would  be  removed  by 
re-<lipping  the  plate  and  moving  it  from  side  to  side  in  the 
solution;  and  he  thought  the  cause  would  be  found  to  arise 
from  the  collodion  being  over  iodized.  He  had  used  collodion 
containing  about  one-eighth  less  iodizing  solution  and  found 
that  the  streaks  had  disappeared. 

Mr.  Brothers,  F.RA.S.,  exhibited  a  number  of  photo- 
graphs taken  during  the  Eclipse  of  the  Sun  on  the  6th  inst. 
He  said  that  he  had  anticipated  some  difficulty  in  photograph- 
ing the  sun  from  the  excess  of  light  causing  over  exposure, 
as  the  image  was  taken  at  the  focus  of  the  telescope  without 
enlargement  through  an  eyepiece.  To  overcome  that  diffi- 
culty the  aperture  of  the  telescope  was  reduced  first  to  two 
inches,  and  then  to  half  an  inch ;  and  collodion  and  develop- 
ing solution  which  had  been  mixed  upwards  of  twelve 
months,  and  an  old  silver  bath  were  used.  The  exposure 
was  as  instantaneous  as  could  be  made  by  hand. 
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In  explanation  of  the  four  prints  being  on  one  plate,  Mr. 
Brothers  stated  that  the  slide  he  used  for  astronomical 
photography  is  arranged  so  that  fotir  n^atives  of  the  sun 
or  moon  can  be  taken  on  ihe  same  plate,  an  advantage 
which  he  had  found  of  much  importance  in  this  kind  of 
work.  The  time  occupied  in  taking  the  four  negatives  on 
plate  No.  3  was  thirty  seconds,  No.  4  twenty-five  seconds; 
and  the  last  set  was  taken  in  twenty  aeconds — an  average 
otfive  seconds  for  exposing  and  changing  the  position  of  the 
plate. 

Two  of  the  prints,  3  and  4  of  the  series,  were  mounted, 
in  reversed  order,  for  tiie  stereoscope,  and  they  exhibit  veiy 
good  stereoscopic  effects  although  taken  from  the  same 
station,  the  difference  in  the  position  of  the  moon  in  an 
interval  of  about  seven  minutes  being  sufficient  for  ihe 
purpose.  The  negatives  on  No.  3  were  taken  at  9^  32^  to 
9^  32«  30»,  and  those  on  No.  4  at  9^  39»  to  9»>  39»'  25" 

Mr.  Brothers  also  exhibited  a  photograph  on  canvass 
printed  without  the  aid  of  bitumen  of  Judea  or  gelatine,  or 
of  any  other  substance  likely  to  change  by  time.  The  print 
is  so  completely  stained  into  the  canvass  as  prepared  in  the 
ordinary  way  for  artists,  that  it  cannot  chip  or  rub  oS. 
Another  advantage  is  that  hyposulphite  of  soda  is  not 
reqidred  to  fix  the  image. 
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Ordinary  Meeting,  April  2nd,  1867. 

Edward  Schunck,  Ph.D„  F,RS„  &c.,  President,  in  the 
Chair. 

Sir  Henry  Holland,  Bart,  M.D.,  F.RS.,  &c.,  was  elected 
an  Honorary  Member  of  the  Society. 

Messrs.  G.  C.  Lowe  and  W.  L.  Dickinson  were  appointed 
Auditors  of  the  Treasurer's  accounts. 

"  On  the  Microscopical  Examination  of  Coal  Ash  or  Dust 
from  the  Flue  of  a  Furnace,  illustrated  by  the  Microscope," 
by  J.  B.  Dancer,  F.R  AS. 

When  coal  is  burnt  in  a  furnace  to  which  atmospheric  air 
has  free  access,  a  portion  is  converted  into  gaaeous  and 
volatile  matter;  and  the  incombustible  substance  which 
remains  is  the  ash.  The  amount  of  ash  in  coals  from  differ- 
ent localities  is  very  variable;  it  is  said  to  range  from  1  to 
3o  per  cent  The  ash  or  dust  which  is  the  subject  of  this 
paper  was  collected  from  the  flue  of  my  steam  boiler  ftir- 
naoe,  in  which  common  engine  coal  is  used  as  fuel.  This 
coal  leaves  a  considerable  amount  of  incombustible  matter. 
A  specimen  of  the  dust  is  now  before  you ;  it  is  of  a  reddish 
brown  colour,  and  free  from  soot  or  carbonaceous  particles.* 
When  this  dust  is  examined  under  the  microscope  with 
a  power  of  40  or  50  diameters,  it  is  found  to  consist  of 
ferruginous  matter  and  crystallised  substances,  some  par- 

*  My  attention  wm  drawn  to  this  rabjeot  by  Mr.  Johnson,  of  Wigan,  in 
l^oTember,  1S66. 

PBOoyspnroB— Lit.  &  Phil,  Socikty.— Vol.  YI,— No.  }4— Sbsbiov  1866-7, 
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tides  transparent,  others  white  and  red     It  contains  also 
a   number  of  curious  looking  objects,  which  vary  oonsi- 
derably  in  size  and  colour;  the  majority  of  these  bodies 
are  spherical,  and  when  separated   from   the   irregularly 
shaped  particles  forming  the  bulk  of  the  dust  they  become 
interesting  objects  for  the  microscope.     I  shall  confine  my 
remarks  more  especially  to  these  globular  bodies.     Some  of 
these  are  as  perfect  in  form  as  the  most  carefully  turned 
billiard  balls,  and  have  a  brilliant  polish*      The  various 
colours  which  these  globules  exhibit  give  additional  interest 
to  their  examination.    Some  are  transparent  crystal  q)hereB, 
others  are  opaque  white,  many  are  yellow  and  brown,  and 
variegated  like  polished  agates  or  camelian  of  different 
shadea    The  most  abundant  of  the  highly  polished  balls  are 
black ;  there  are  others  which  look  like  rusty  cannon  balls — 
some  of  these  have  an  aperture  in  them  like  a  bomb  shell,  and 
many  are  perforated  in  all  direction&    To  obtain  these 
objects  ihe  dust  should  be  washed  in  a  bowl  and  all  the 
lightest  particles  allowed  to  float  away ;  the  remainder  con- 
sists of  fragmentary  crystalline  and  ferruginous  substances ; 
mixed  with  these  are  the  polished  baUs  described,  which 
under  the  microscope,  by  a  brilliant  reflected  lights  look  like 
little  gema     To  separate  the  spherical  bodies  from  the  irre- 
gular ones  it  is  only  necessary  to  sprinkle  some  of  this 
material  on  an  inclined  glass  plate,  and  by  gentle  vibration 
the  balls  roll  down,  and  can  thus  be  coUeoted.    ELaving  satis- 
fied ourselves  with  the  examination  under  the  microscope, 
it  is  natural  that  we  should  desire  to  know  more  about 
these  novel  objects.    What  is  tlieir  elementary  constitution  ? 
Why  are  they  spherical  ?     How  do  they  get  into  the  flue  ? 
I  have  not  attempted  a  chemical  analysis  of  these  minute 
bodies,  many  of  which  are  less  than  the  100th  part  of  an 
inch  in  diameter.     I  can  only  therefore  c^er  an  opinion  as 
to  their  probable  constitution,  judging  frx)m  what  is  known 
of  the  chemical  analysis  of  coal  ash,  and  from  the  appearanpe 
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they  present  under  the  microscope.  Referring  to  the  che-r 
mical  analysis  of  coal  ash,  we  find  that  it  sometimes  contains 
silica,  magnesia,  alumina,  sesqui-oxide  of  iron,  lime,  soda, 
potash,  sulphate  of  calcium,  anhydrous  sulphuric  acid,  anhy* 
drous  phosphoric  acid,  sulphur,  and  sometimes  traces  of 
copper  and  lead.  The  vegetable  origin  of  coal  is  now 
generally  admitted,  and  doubtless  some  of  the  substances  I 
have  just  named  have  been  taken  up  by  the  coal  plants, 
whilst  other  portions  may  have  collected  in  the  locality  where 
the  coal  was  formed.  As  this  is  not  immediately  connected 
with  our  present  inquiry,  I  proceed  to  speculate  as  to  the 
constitution  of  these  globular  bodies.  The  transparent 
spheres  I  imagine  to  be  silicates  of  soda  or  pota^;  the 
opaque  white  are  most  likely  silicate  of  soda  or  potash 
combined  with  Hme  and  alumina;  the  yellow  and  brown 
are  silicates  coloured  by  iron  in  diflferent  proportions.  The 
black  globes  are  not  all  alike  in  composition;  some  of  these 
are  silicates  coloured  by  carbon,  others  are  iron  balls  coated 
externally  with  a  silicate.  Many  of  these  rusty  cannon 
balls  are  probably  ferrous  oxide  formed  by  the  action  of 
heat  on  the  iron  pyrites  in  the  coal.  There  are  also  balls  of 
black  magnetic  oxide :  the  perforated  shells  are  probably 
ferrous  sulphides.  The  globular  form  of  these  bodies 
suggests  that  they  have  been  thrown  off  in  scintillations, 
such  as  are  seen  during  the  combustion  of  iron  in  oi^ygen 
gas,  and  whilst  in  a  fluid  state  they  assume  a  spheroidal 
form.  They  are  carried  by  the  draught  into  the  flue,  and 
being  oi  greater  specific  gravity  than  the  carbonaceous 
matter  forming  the  emoke,  tiiey  £ekll  before  the  current  of 
air  has  reached  the  ehimney.  Some  of  the  dust  has  been  a 
considerable  time  in  the  flue,  exposed  to  the  intensely 
heated  circulating  flame ;  the  reducing  action  of  this  would 
probably  convert  some  of  the  oxide  into  metallic  iron. 
Many  of  tiieee  balls  have  the  appearance  of  reduced  oxides. 
The  flue  dust  contains  a  larg^  atn^eunt  of  femtji^its 
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matter  than  can  be  accounted  for  by  the  analysis  of  coal 
ash.  I  think  the  surplus  may  be  regarded  as  representing 
the  wear  and  tear  of  the  iron  work  about  the  fiimace,  sudi 
as  fire  bars,  boiler  plates,  &c.  The  brick  work  and  cement 
about  the  boiler  and  flues  may  also  supply  some  of  the 
silica,  alumina,  and  iron  for  these  balls,  numbers  of  which 
are  merely  thin  sheila  The  movements  of  these  objects, 
caused  by  the  approach  of  a  magnet  under  the  stage  of  the 
microscope,  are  somewhat  amusing,  and  it  is  at  times 
startling  to  see  the  crystalline  objects,  both  spherical  and 
irregular,  exhibit  magnetic  attraction :  probably  they  con- 
tain particles  of  iron  imbedded  in  them ;  if  they  do  not, 
may  we  not  imagine  that  there  is  some  magnetic  compoimd 
in  which  the  crystalline  matter  predominates  ?  When  we 
consider  the  accidental  condition  under  which  this  matter 
has  combined,  it  is  just  possible  that  some  new  molecular 
arrangement  or  combination  of  elements  may  have  taken 
place.  It  is  very  probable  that  many  of  these  polished 
balls  are  much  more  complex  in  their  elementary  constitu- 
tion than  I  have  stated.  They  are  in  fact  a  kind  of  glass, 
and  many  of  them  merely  bulbs.  Pelouze  states  that  glass 
is  probably  an  indefinite  mixture  of  defijiite  silicates.  Qlass, 
containing  small  quantities  of  ferrous  oxides  and  sodic 
sulphates,  when  exposed  to  sunlight  becomes  yellow,  and 
possibly  some  of  these  balls  may  have  changed  in  colour 
since  they  came  from  the  flue.  Hydrochloric  and  nitric 
acid  exert  very  little  action  on  the  ferruginous  globes ;  this 
may  be  due  in  some  measure  to  the  high  temperature  at 
which  the  oxides  have  been  formed ;  in  other  cases  they  are 
no  doubt  protected  by  an  external  coating  of  some  silicate. 
It  would  require  much  time  and  patience  to  collect  a 
sufficient  number  of  each  kind  of  these  minute  objects  for  a 
chemical  analysis;  but  the  spectroscope  might  probably 
assist  in  revealing  their  constitution.  When  time  permits 
I  hope  to  resume  the  subject 
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"On  the  Galvanometer,"  by  William  Jack,  M.A.,  Pro- 
fessor of  Natural  Philosophy  at  Owens  College. 

A  current  of  intensity  i  passes  through  a  circular  wire 
(radius  r)  fixed  in  a  vertical  plane  passing  through  the 
magnetic  meridian.  A  needle  of  length  I  (between  the 
poles)  is  suspended  in  the  usual  way,  on  a  fine  point,  situated 
on  the  axis  of  the  plane  of  the  coil,  at  a  distance  e  from  its 
centre,  and  can  rotate  round  the  point  in  a  horizontal  plane. 
Let  E  represent  the  earth's  magnetic  intensity,  a  the  angle 
of  deviation  of  the  needle,  and  p=  ^/?+r*,  the  distance  of 
the  needle  point  from  the  circumference  of  the  coiL     Then 

p  \  V  ^v 

(1— U8in«a  +  2l8in*a^ 

(Wiedemann,  Galvamsmiu,  voL  2,  p.  165.) 
Accordingly, 
. .  tanag  1 1-3  J ^, 1  +  _(8e*-  12e^t-  +  ^) 

(l-Usin-g  .  2lBmM  }  "  -  tana|^  {  1 .  3^(^e'-r-)(l;-^sinM 

-  ^(8«*_12<^r*  +  r^)(l— 148m»a  +  2l8iu*a) 
♦         D4p 

+  ||^(l6e*— Se'r*  +  r*)(l— lOsinV  +  25sm*a)  I 

/a 
+  higher  powers  in  — j  which  may  be  disregarded  when  t  is 

small  compared  with  p. 
As  a  first  approximation,  therefore,  we  have 

*=£^tana, 

which  shows  that  to  this  approximation  the  intensity  varies 
as  the  tangent  of  deflection. 

The  first  term  to  be  applied  in  con-ection  is 


P' 


E   .       3P 


|^tana^,(4e'~r^)(l~58in»a) 


(A) 
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This  becomes  0  in  two  cases, 
(1)  1_5  sin'o  =  0,  ;.  sin'a  =  i,  tan*a  =  J 
so  that  a  is  the  angle  whose  tangent  is  ^. 

This  is  the  angle  at  which  Dr.  Joule  has  pointed  out  that 
it  is  best  to  work  for  accurate  measurements.  The  first 
term  (A)  of  the  total  con-ection  will  disappear,  therefore, 
even  though  the  centre  of  the  magnetic  needle  may  not  be 
accurately  in  the  plane  of  the  coil,  provided  it  is  on  a  line 
perpendicular  to  the  plane  passing  through  Uie  centre. 
When  we  work  at  any  other  angle  the  correction  is 

The  magnitude  of  the  correction  will  depend  therefcwre  on 
that  of  the  teim 

(e*  +  r*)* 
and  will  still  become  zero  whatever  be  the  value  of  1 — 5  sin^o, 
provided  4e^ — ?'^=0. 

The  same  accuracy  is  tlierefore  secured  by  working  at  any 
angle  with  a  needle  whose  centre  is  at  a  distance  equal  to 
half  the  radius  of  the  coil  from  its  cental,  and  along  a  line 
perpendicular  to  its  plane. 

The  next  term  of  the  correction  becomes 

for  the  angle  a  specified.     For  6=0  (needle  at  centre),  this 
gives 


(,..), 


r»Etana   27^    .    „^  27f* 

•r  =  Etana. 


2^      40sH»  ^^  80^ 


For6=-5»  itgives?  =  c'  +  r*  =  -p 

3 

17  *o«       27     ,4    p'         3r«         „  ^         27    ^      2 

80t     t»2SJ(i 
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The  last  correction  is  therefore  rather  less  than  the  former. 
There  is,  therefore,  a  slight  positive  advantage  in  working 

with  the  needle  centered  at  e--g-,  over  Dr.  Joule's  method, 

even  at  the  special  angle  a=tan~^  ^,  and  in  addition  the  first 
term  of  the  correction  disappears  for  aU  angles  of  deviation 
instead  of  for  one  only. 

The  accuracy  of  the  formula  quoted  above  turns  on  the 
circuit  being  complete  (as  it  never  is),  on  its  being  accurately 
circular,  in  the  vertical  meridian  plane,  and  on  the  r  being 
a  definite  quantity.  If  the  thickness  of  the  coil  be  com- 
parable to  the  magnitudes  r  and  {  used,  a  much  more 
complicated  formula  would  replace  that  given  above. 

The  instrument  in  which  the  needle  pivot  is  at  «  «  ^  pos- 
sesses this  advantage,  that  we  may  arrange  a  considerable 
number  of  coils  for  which  this  is  true,  parallel  to  each  other, 

flJongthesmoothsur&tceof  a  cone  whose  axis  is  ^^  and  whose 

base  has  the  radius  r.  It  is  to  be  observed,  however,  that 
though  the  second  term  in  the  value  for  i  given  by  each 
separate  parallel  coil  disappears,  the  first  term 

tan  a-jr — £=-  becomes  tan  o  ,= ^~r 

and  therefore  for  one  same  current  circulating  through 
several  coils,  for  each  of  which  there  is  a  different  radius, 
there  will  not  be  accurately  one  same  amount  of  devia- 
tion produced  by  each.  Accordingly,  the  current  through 
two  coils  has  not  accurately  the  effect  of  a  current  of 
double  intensity,  and  has  only  that  effect  approximately,  so 
long  as  the  r  of  the  parstllel  coils  is  very  nearly  the  same. 
In  fact,  no  multiplying  instruments  can  approach  the 
accuracy  of  the  ordinary  circular  single  meridian  coil  with 
the  needle  in  the  centre,  when  it  is  worked  at  a=tan~*^, 
(Joule's  arrangement),  or  of  the  circular  single  meridian 
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coil  with  the  needle  in  axis  of  coil  at  distance  e  =  =t  from 

2 

centre  (Gaugains*  anangement). 

A  curious  result  of  the  formula  (A)  given  for  the  first 
correction  is  that  this  correction  is  a  maximum 

for     l-4tan*a-108m'a  =  0 

.  ,      3-  ^7.4 

or      smV  = 7 — 

4 

Which   corresponds  to  an  angle  15°  20'.     At  this  angle, 

therefore,  the  correction  that  must  be  applied  is  greatest  for 

all  tangent  galvanometers.      Hence,   in  deUcate   research 

where  the  needle  ia  in  the  centre  of  the  instrument,  and 

when  accuracy  is  of  great  importance,  we  should  take  care 

that  our  deviations  shall  not  be  at  or  near  this  amoimt.     In 

Graugains'  arrangement  this  angle  is  of  no  special  importance. 

A  simple  numerical  calculation  may  show  the  comparative 
insignificance  of  the  correction  remaining  when  either  ar- 
mngement  is  adopted.  If  we  call  I  the  first  approximate 
value  of  i 

i  =  l(l-|i^8(8  «'— 12  cV  +  r*)  (1— U  sin'a  +  21  sin*a) 

Take  Z=i  inch,  r=10  inches.     Then 

(1)  Joule's  arrangement,  a=tan'"^J,  E=0 

^=^0-6r{2o)  ^-25) 

=1(1  +  000004) 

(2)  Gaugains'  aiTangement, 

a  any  value  e  =  x 

i=l{l  +  •00000027)(1— 14  8in*a  +  21  sin*a) 
a   fraction  depending  on  a,  but  always  excessively  small 
It  is  obvious  that  inevitable  instrumental  errors  must  always 
produce  corrections  more  considerable  than  either  of  these. 
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"  Additional  Note  on  the  Galvanometer,"  by  Dr.  J.  P. 
Joule,  F.RS.,  V.P. 

The  cun-ent-meter  has  enabled  me  to  find  experimentally 
the  diminution  of  deflection  consequent  on  an  increase  of 
the  length  of  the  needle.  This  was  done  by  comparing  the 
square  roots  of  the  weighings  of  the  meter  with  the  deflec- 
tions occasioned  by  a  coil  15-2  inches  diameter  in  the  centre 
of  which  needles  of  1,  2,  and  4  inches  length  were  succes- 
sively placed.  I  find  the  fractions  representing  the  loss  on 
the  tangents  of  deflection  as  follow : 

Trom  lln.  to  2iii.  From  lln.  to  tin. 

Neodla.  Needle. 

68*' 21'  02239  loss  -11258  loss 

42°  -00993  loss  -04870  loss 

27°  2'  -00023  gain -00254  loss 

irV  -00287  gain -01646  gam 

Hence  the  total  fractions  gained  or  lost  by  the  two 
needles  are : 

For  2111.  Needle.  For  tin.  Needle. 

68^21'  02985  loss  -12009  loss 

42°  01324  loss  -05194  loss 

27°  2'  -00032  gain -00230  loss 

19°  r  :00383  gam -01756  gain 

Since  my  last  communication  I  have  made  trial  of  many 
bars  and  needles,  and  tiud  that  the  iiiagnetic  length  is  about 
Jth  of  the  actual  in  most  cases.  If  therefore  instead  of  I  we 
take  the  actual  length  of  the  needle  n,  the  correction  to  be 
applied  to  the  tangent  of  deflection  will  be  nearly 

[4tan*e— 1^^8in2a. 

The  fractions  of  loss  or  gain  calculated  from  this  formula 
for  the  deflections  experimented  with  are  as  follow  : 

For  Sfn.  Needle.  For  tin.  Needle. 

68°  21'  -02873  loss  -11493  loss 

42°  -01072  loss  -04290  loss 

27°  2^  -00029  loss  -00116  loss 

19°  1'  -00406  gain -01626  gain 


K^ 
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Very  curious  phdnom^ia  pres^it  themsdvesas  tiie  needle 
is  prolonged.  There  ultimately  becomes  a  point  of  stable 
equilibrium  on  the  other  side  of  the  meridian.  The  f<^ow- 
ing  rough  results  obtained  with  a  coil  of  7i  inches  diameter 
will  give  an  idea  of  these  changes : 

Unrtabla 
DeflaolloD  Dtflaotko  BqnntWnin 

LensUi  onthe  oalhe  ontba 

of  xmuX  opMMite  omortto 

Keedkk  rid*.  lUb.  Aku 

lin 74' —       — 

2uL 72°     —      — 

Sin.     ...:.....  68°    —      — 

SJin.  66J°  —      — 

4m 62°     —      — 

4Jin,  66°     —      — 

5in 50°     —      — 

5iin.  41i°  —      — 

6in.     34°     —      — 

ejin.  23° 35° 35° 

6|in.  o  21°     47°     26° 

7in 17°    67°    14° 

7iin.  13°     69°    13° 

7Jin.  8i°  69°     6° 

Sin —      63° 

9m.     —      62° 

lOin.     —      61° 

llin.     —      69° 

12in 11°     68° 

13m 17°    Q^"" 

14in 20° 

16in.     23°    

"Notes  on  the  Smallest  and  Simplest  Forms  of  Matter 
and  its  Relations  to  Mechanical  Forces,"  by  J.  C.  Dyer, 
Esq.,  V.P. 

The  author's  object  in  this  paper  is  not  so  much  to 
enlarge  the  present  sphere  of  our  knowledge,  CMSt  it  is  to 
show  how  little  we  really  know,  about  the  essence  of 
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matter,  or  of  the  exertion  of  wmy  forces  by  it,  excepting 
such  as  are  open  to  direct  experiment  and  observation.  If 
there  be  any  recondite  forces  that  sustain  the  variable  forms 
of  bodies,  all  we  can  know  about  them  must  be  derived 
from  the  sensible  properties  of  matter;  for  any  assumed 
properties,  or  motions  of  bodies,  or  their  component  parts,  if 
hidden  from  our  powers  of  perception,  they  are  so  because 
they  afford  no  tests,  by  weight  or  measure,  of  their 
existence  as  physical  realities.  Still,  with  a  view  to  obtain 
some  conception  of  the  laws  that  govern  the  visible  and 
tangible  forms  of  bodies,  several  hypotheses  have  been 
suggested  to  account  for  phenomena  attending  the  muta- 
tions of  bodiea  It  has  been  asamiMd  that  certain  i/rvtemal 
motioTia  and  foi^ces  axe  called  into  action  by  the  changes 
that  take  place  in  the  visible  forms  of  bodies — ^to  explain 
these  we  have  had  the  theories  of  atoms,  of  corpuscules,  of 
moUcvXes  and  the  like.  By  these  theoretic  views  of  the 
composition  of  bodies,  tiie  smallest  particles  in  them  are 
supposed  to  be  endowed  with  functional  properties,  which 
exert  mechanical  forces,  according  to  the  distances  apart  of 
the  atoms  and  molecules,  in  all  ponderable  bodies.  The 
author  does  not  object  to  these  theories,  if  they  may  in 
anywise  serve  to  clear  the  paths  of  inquiry  into  the 
physical  properties  of  bodies  and  their  mutations;  but 
whatever  may  be  the  real  or  ideal  internal  action  of  the 
particles  of  matter  upon  each  other,  or  upon  their  masses, 
the  questions  they  involve  do  not  admit  of  any  solution,  or 
even  elucidation,  by  any  course  of  mathematical  investiga- 
tion that  has  been  or  can  be  applied  to  them,  and  this  for 
the  obvious  reason  that  those  particles  (whether  called 
atoms,  molecules  or  otherwise)  can  have  no  conceivable 
weight  or  extension  apart  from  their  masses,  and  therefore 
no  functional  value  can  be  assigned  to  them  as  the  basis  of 
any  kind  of  moveable  or  statical  forces  in  them.  Whether 
such  atoms  and  molecules  be  cooaidered  as  in  a  state  of 
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"  vibration,"  "  oscillation,"  "  rotation,"  or  as  fixed  by  their 
balanced  forces  of  attraction  and  repulsion,  they  are  in  each 
case  absolutely  beyond  the  grasp  of  the  TnatherruUical 
investigator,  however  profound  he  may  be,  because  he  has 
not  the  shadow  of  any  ground  for  assigning  either  size, 
Tnotion,  or  f(yt'ce  to  the  minute  parts  of  matter  apart  from 
its  aggregate  forms,  and  all  we  can  even  know  on  these 
obscure  matters  must  be  inferred  from  observed  physical 
effects. 

For  reasons  which  he  states  the  Author  dissents  from  the 
dynamical  theory  of  heat,  and  ventures  to  maintain  the 
theory  of  a  calorific  element  having  not  only  the  properties 
8ui  generis  ascribed  to  it  by  the  old  school  —  Boerhaave  to 
Dalton  —  but  also  as  being  the  real  source  of  all  other  forms 
of  heat,  and  likewise  as  constituting  in  itself  the  essence  of 
the  elastic  force  in  bodies. 


"  Variable  Star  Ephemeris  for  1867,  calculated  from  the 
Elements  given  in  Dr.  Schonfeld's  Catalogue,"  by  J.  R  Hind, 
F.RS.,  &c.,  Superintendent  of  the  Nautical  Almanac,  and 
Honorary  Member  of  the  Society. 

The  times  are  those  of  Maxima  imless  otherwise  stated 

R  Androm .January  28. 

T  Piscium   Max,  April  4*4,  and  August  28*8. 

Min,  June  25*4,  and  November  18*8. 

S  Piscium  February  12-4. 

R  Pisciiun  1866,  Dec.  17,  and  1867,  Nov.  29. 

R  Arietis February  19*3,  and  August  23*5. 

o   Ceti November  25-9. 

R  Persei  June  29. 

R  Taiiri   September  15*7. 

S  Tauri  May  21. 

R  Ononis August  22. 

R  Aurigfie December  6. 

R  Qeminorum February  16*5. 
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R  Canis  Min. July  23. 

S  Canis  Min January  21,  and  December  23. 

S  Geminorum Min,  June  8. 

T  Geminorum January  28,  and  November  11. 

U  Geminorum Feb.  11-0,  May  19-1,  Aug.  24-2,  Nov.  29-3. 

R  Canori October  156. 

U  Cancri July  13. 

S   HydrfiB 1866,  December  21-4.  and  1867,  Sep.  3-8. 

T  Cancri Min.  December  16. 

T  Hydr» August  24. 

R  Leonis  Minoris  ....March  13. 

R  Leonis September  24*6. 

R  UrsceMaj April  26. 

S  Leonis March  6,  and  September  12. 

R  Com^ August  30. 

T  Virginis October  16. 

T  Ursee  M%j March  5-9,  and  Nov.  182. 

R  Virginis March  9. 

S  Ursee  Maj March  10-6,  and  October  214. 

U  Virginis January  19*4,  and  August  15'0. 

V  Virginis  January  13,  and  September  22. 

R  Hydr» December  170. 

S  Virginis June  13*6. 

S  Bootis January  3,  and  October  1. 

R  Camelop June  208. 

R  Bootis July  28-5. 

S   Serpentis January  23. 

S   Coron»  June  29. 

R  Serpentis Apri!  29. 

R  Librae  1868,  March  27. 

R  Herculis  1867,  March  31. 

U  Herculis August  4. 

S  Ophiuchi February  9  and  October  1. 

S   Herculis  August  21. 

R  Ophiuchi July  30. 

T  Herculis  Mao:.  April  20,  October  2. 

Min.  January  30,  July  14,  December  26, 
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B  Lyre    Feb.  13,Mar.31,Mayl6, Jy.l, Aiig.l6,0cl. 

Nov.  16,  1868,  Jan.  1. 

R  AqjeUrn February  14. 

R  Sagittarii June  29. 

R  Cygni  August  18. 

S  VuJpecul»  Max.  Feb.  25-8,  May  4-7,  July  11-6,  Sept 

17-6,  Nov.  24-5. 
Min,  Jan.  26*0,  April  3-9,  June  10*8,  Aug. 

17-8,  Oct  24-7,  Dec.  31-6. 
X  Cygni   1866,  Dec.  25-4.— 1868,  Jan.  16-5.     Nowkw. 

in  1867. 

S  Cygni  April  15, 

B  Caprioomi  August  19. 

S  Aquilffi March  5,  July  6*5,  November  5. 

R  Sagitt»    Min.  March  4-2,  May  138,  July  28-4,  Oct 

20,  Dec.  11-5. 

S   Delphmi July  22. 

T  Delphini May  31. 

U  Capricomi  1 868,  January  9. 

T  Aquarii    June  27. 

R  Vulpeculse Max,  April  20*0,  and  September  5*6. 

Min.  Feb.  18-0,  July  70,  and  Nov.  22-0. 

T  Capricomi August  23. 

S  Cephei ifw.  Mardi  27  ±. 

^   Cephei Min,  May  1,  Max,  1868,  January  12. 

T  Pegasi November  27. 

S  Aquarii August  2*5. 

R  Pegasi  June  28. 

R  Aquarii 1866,  December  24,  1868,  January  16. 

R  Cassiopiee July  3-5. 
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Ordinary  Meeting,  April  16th,  1867. 

Edwahd  Schunck,  PhJ).,  F.RS.,  &;c.,  President,  in  the 

Choir. 

Mr.  Henry  Charles  Beasley  was  elected  an  Ordinary 
Member  of  the  Society. 

"  On  a  New  Form  of  the  Dynamic  Method  for  Measuring 
the  Magnetic  Dip,"  by  Sir  William  Thomson,  M.A.,D.C.L., 
F.RS.,  &c.,  Honorary  Member  of  the  Society. 

Seven  years  ago  an  apparatus  was  constructed  for  the 
natural  philosophy  class  of  the  University  of  Glasgow,  for 
illustratmg  the  induotion  of  electric  currents  by  the  motion 
of  a  conductor  across  the  lines  of  terrestrial  magnetic  force* 
This  instrument  consisted  of  a  large  circular  coil  of  many 
turns  of  fine  copper  wire,  made  to  rotate  by  wheel  work 
about  an  axis,  which  can  be  set  to  positions  inclined  at  all 
angles  to  the  veirticaL  A  fixed  circle  parallel  to  the  plane 
eontaining  these  positions,  measured  tlie  angles  between 
thtai.  The  ends  of  the  coil  were  connected  with  .fixed 
electrodes,  so  adjusted  as  to  reverse  the  connections  every 
time  the  plane  of  the  coil  passes  through  the  position  per- 
pendicular to  iihat  plane.  When  in  use,  the  instrument 
should  be  set  as  nearly  as  may  be  in  the  magnetic  meridian. 
The  fixed  electrodes  being  joined  to  the  two  ends  of  a  coil 
PBOCBiDnrGfl— Lit.  A  Pihl.  Sooiett.— Vol.  VI.— No.  15— Sbssion  1866-7. 
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of  a  delicate  Galvanometer,  a  large  deflection  is  observed 
when  the  axis  of  rotation  forms  any  considerable  angle  with 
the  line  of  magnetic  dip.  On  first  trying  the  instrument  I 
perceived  that  its  sensibility  was  such  as  to  promise  an 
extremely  sensitive  means  for  measuring  the  dip.  Accord- 
ingly, soon  after  I  had  a  small  and  more  portable  instrument 
constructed  for  this  special  purpose ;  but  up  to  this  time  I 
had  not  given  it  any  sufficient  trial.  On  the  occasion  of  a 
recent  visit,  Dr.  Joule  assisted  at  some  experiments  with  this 
instrument.  The  results  have  convinced  us  both  that  it 
will  be  quite  practicable  to  improve  it  so  that  it  may  serve 
for  a  determination  of  the  dip  within  a  minute  of  angle. 
I  hope,  accordingly,  before  long  to  be  able  to  communicate 
some  decisive  results  to  the  society,  and  to  describe  a  con- 
venient instrument  which  may  be  practically  useful  for  the 
observation  of  this  element. 

•'Further  Remarks  on  the  Galvanometer,**  by  William 
Jack,  M.A.,  Professor  of  Natural  Philosophy  at  Owens 
College. 

Dr.  Joule  8  results,  given  in  the  last  number  of  the  Pro- 
ceedmigs,  suggested  to  me  to  inquire  whether  tiie  ordinary 
formula  which  I  gave  in  my  last  communication  allowed  a 
deviation  of  diflferent  sign  for  a  short  magnet  and  for  one 
of  considerable  length.  When  the  needle  is  at  the  centre 
of  the  circle,  the  formula  gives,  putting 

-J  =  n,  and  ein'a  =  x, 

and  making  some  simple  transformations 

64     E.r.taiia.    /     .     315/t  4- 12U\'_  180.315  (       84^  _87696 ) 

945'       2xt  V'*^""       945       /      ~945^r"^3T6       315M 

--  E  — F 
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This  always  gives  a  +  result  for  n  small,  as  may  be  readily 
seen  from  the  formula  in  its  original  shape.  Its  complete 
solution  in  x  for  every  value  ofn  +  i  would  require,  us  to 
solve  an  algebraical  equation  of  the  fonh 

which  would  be  difficult,  if  possible.     But  we  may  see  that 
the  second  term  can  never  become  n^ative,  unless  F  is 
positive,  since  E  is  essentially  positive.     No  n^ative  result 
can  be  obtained,  therefore,  for  tan  a,  unless 
/       84  \«    87696 


_2121 
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Whenever  n  is  greater  than  this  value,  E — F  may  become 
n^ative,  and  if  it  become  so  for  some  value  of  x  (=8in*a) 

less  than  1,  we  may  always  adjust  i  so  as  to  give  5^  •      g  . — 

an  equal  value,  where  a  is  the  negative  angle  in  the  first 
quadrant  the  square  of  whose  sine  is  defined  as  above. 
Apparently,  therefore,  there  ought  to  be  at  all  events  one 
solution  implying  deviation  opposite  to  that  for  a  small  mag- 

P      212'1 
net,  for  some  value  of  i,  whenever  -»  7oTk — 

The  results  in  several  cases  in  which  difierent  values 

p 
have  been  assigned  to  -3-  are  given  below. 

1.     -5  =  0T5 — (limit  value) 

then  E  =  0,  for  re  =  wk^-w-  =  8in'«- 

DOO'O 

but  in  order  that  the  original  equation  should  hold,  we 
must  have  i  indefinitely  great. 
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9     ''_ai»_24 


A  negative  teno,  when  (648»— 386))»zl8©«l«  (^  '^ItlO 

.  •  8    ,372-2 

for  X  =  sin*a  ^  gjg-^    a  =  oi 

And  also  fojr «  7  g^g      a  =  «, 

t  being  taken  ao  as  to  ^ve  a  deviation  between  a\  and  a» 
we  shall  have  a  possible  solution  in  opposite  direction  to 
that  for  small  magnet. 

«       ^1  .  ,      fi37      233 

These  examples  only  profess  to  show  that  when  the  inten- 
sity is  suitably  taken,  the  result  specified  by  Dr.  Joule  » 
verified.  I  should  expect  to  find,  when  the  inteuaity  is 
gradually  changed  through  a  wide  range,  the  sign  of  the 
deviation  also  change,  and  then,  after  a  certain  continued 
increase  of  i  (longer  continued,  as  I  bears  a  greater  pixqKNP- 
tion  to  rb)  gen^^ally  change  back  again. 

It  will  be  noticed  that  — r  must  be  7  kt^ — 

Now  Dr.  Joule  points  out  that  if  L=  actual  length  of 

needle,  Z=|  L  approximately.     Assuming  this 

.  49   1>    212.1 

"  64  *  r>^  315 

.  U    64   212.1 

•  r''^49'    315 

•W.X.82 

r     7 

7^94 
And  7 J  inches x •  94=: 68  imches. 

Dr.  Joule  finds  the  effect  b^gi^  %k,  6i*4  io^tl^y^ 
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"Obseirvatiott*.  ou.  ibe  4).^^:i9tiom  of  iifce  ^v^m^  Pwit 
in  Thermometers,"  by  Dr.  J.  P.  Joule,  RRS^.  V.?. 

Having  had  in  my  posBession,  and  in  frequent  use,  for 
nearly  a  quarter  of  a  century,  two  thermometers,  of  which  I 
hfive  from  time  to  time  taken  the.  freezing  points,  I  think 
the  results  may  offer  some  interest  to  the  Society.  Both 
thermometers  are  graduated  on  the  stem,  and  are,  |  be^eevre, 
the  first  in  this  country  which  were  accurately  catil;>rated. 
Thirteen  divisicH^  c^  one  of  them  correspcmd  to^^i^degree 
Fahrenheit  It  was  made  by  Mr.  Dancer,  m,  th^  winter  of 
1843-44.  My  first  observation  of  its  freezing  poii^  waa 
made  in  April,  1844.  Calling  this  zero,  my  successive 
obaaFvations  have  giv«i 

0    April,  1844. 
5'd     FobruAxy,  1846; 
6*6    Januaiy,  1848. 
6-9    April,  1848. 
8*8    Febniaiy,  1858. 
9^*5    Apnl,  1856. 
11 1    Dec^mt^er,  IftGO, 
11-8    M^h.  1807. 

Tha  total  rise  has  be^i,  tW»£odre,  '91  of  a  di^^  Fabr$i;di^ 
The  o&er  tfeenoometer  is  not  so  sensitive,  haviiag  1^6^  than 
Itmr  dsvisio]»s  to  tiie  degree.  Tbe  t<^  i^  of  ito  fr^mBg 
point  ba»  been  only  '6  of  $»  degf^m ;  but  j^  is  prt^bly 
owing  to  the  time  which  eU^p^  be^i^jBQ  U^  Qim§i^m9ti<m 
and  the  first  observation  being  rather  greater  than  in  the 
case  o^the  other  thermometer.  The  rise  of  the  two  thermo- 
meters has  been  abnost  identical  during  the  last  nineteen 
years. 
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A  projection  of  the  observations  given  above  is  shown  in 
the  following  diagram : — 


Mr.  E.  Bowman,  M.A.,  and  Mr.  A.  Brothers,  F.RJLS., 
illustrated  the  phenomena  of  "sonorous"  and  "sensitive" 
flames  by  a  series  of  interesting  experimenta 

"  On  the  Casting,  Grinding,  and  Polishing  of  Specula  for 
Reflecting  Telescopes,  Part  IV.,"  by  James  Nasmyth,  Esq., 
C.E.,  Corresponding  Member  of  the  Sodeiy. 

In  this  part  of  his  paper  the  author  gives  detailed 
descriptions,  illustrated  by  diagrams,  of  his  methods  of 
mounting  the  specula  of  reflecting  telescopes,  and  of  testing 
the  figure  of  the  great  speculum ;  he  also  offers  some  very 
useful  remarks  on  the  general  management  of  Newtonian 
reflecting  telescopes,  and  on  the  atmospherical  drcumstancee 
which  affect  their  performance. 
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PHOTOCHIAPHIOAL  SECTION. 

April  9th,  1867. 

J.  Baxendell,  F.RA-S.,  Vice-President  of  the  Section,  in 

the  Chair. 

Mr.  Brothebs  read  the  following  "  Note  on  Photography 
in  1787." 

It  is  generally  supposed  that  the  earlier  attempts  to  use 
nitrate  of  silver  for  producing  pictures  of  lace,  leaves,  and 
other  objects  on  white  leather  or  paper  were  made  by 
Wedgewood  and  Davy  about  the  year  1802;  but  it  will 
appear  from  the  following  extract  that  at  least  fifteen  years 
earlier  than  the  date  named,  and  within  ten  years  of  the 
time  when  Scheele  investigated  the  subject  of  the  action  of 
light  on  the  salts  of  silver,  the  possibility  of  utilizing  the 
action  of  light  was  known.  The  title  of  the  book  from 
which  the  extract  is  taken  is  ''Rational  Recreations  in 
Natural  Philosophy,'*  &a,  by  W.  Hooper,  M.D.,  1787;  and 
the  paragraph  is  headed  "  How  to  print  lettei-s  by  sunlight." 

"  Dissolve  chalk  in  aqua  fortis  to  the  consistence  of  milk, 
and  add  to  that  a  strong  dissolution  of  silver.  Keep  this 
liquor  in  a  glass  decanter  well  stopped,  then  cut  out  from  a 
paper  the  letters  you  would  have  appear  and  paste  the 
paper  on  the  decanter,  which  you  are  to  place  in  the  sun  in 
such  a  manner  that  its  rays  may  pass  through  the  places 
cut  out  of  the  paper  and  fall  on  the  surface  of  the  liquor. 
The  part  of  the  glass  through  which  the  rays  pass  will  turn 
black,  while  that  under  the  paper  will  remain  white.     You 


1«4 

muBt  observe  not  to  move  the  bottle  daring  tlie  time  of  the 
operatioiL" 

Mr.  CoOTE  exhibited  some  snow  scenes,  the  negatives  of 
which  were  taken  on  t»lIodk>-«ittnlmen  plates.  Scmie  of 
these  beautifol  views  were  slightly  defective  in  the  high 
Gghts,  a  number  of  vein-like  markings  appearing  in  the  sky 
and  for^round. 

Mr.  Wabdlet  stated  that  these  defects  were  entirely 
caused  in  the  development,  and  had  no  connection  with  the 
character  of  the  collodion  used,  or  with  the  preparation  of 
the  plate.  He  considered  that  the  imperfections  were  pro- 
duced entirely  by  the  repellent  or  nonmiscible  nature  of 
the  solutions,  containing  acids  and  salts,  used  in  develop* 
ment,  acetic  add  being  one  of  the  chief  causes  of  the  defects. 
Another  source  of  the  evil  may  be  a  low  temperature  and 
the  developing  solution  being  allowed  to  rest,  even  for  a 
moment,  on  the  plate.  Such  defects  may  be  produced  in 
abundance  on  any  kind  of  dry  plate  if  the  developing 
solution  is  allowed  to  rest 
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Annual  Meeting,  April  30th,  1867. 

Edward  Schunck,  PLD.,  F.RS.,  F.C.S.,  &a,  President,  in 

the  Chair. 

Professor  Joseph  Henry,  Secretary  of  the  Smithsonian 
Institution,  Washington,  was  elected  an  Honorary  Member 
of  the  Society. 

It  was  moved  by  Mr.  Brothebs,  seconded  by  Mr.  W.  B. 
Johnson,  and  resolved  unanimously, — "That  the  system 
of  electing  Sectional  Associates  be  continued  during  the 
ensuing  session." 

The  following  Report  of  the  Coimcil  was  then  read  by 
one  of  the  Secretaries : — 

The  Coimcil  again  refer  with  satisfaction  to  the  Treasurer's 
accoimt,  copies  of  which  are  already  in  the  hands  of  the 
members.  It  wiU  be  seen  that  the  balance  iq  hand  on  the 
1st  of  April,  1867,  waa  £322  12s.  Id.,  against  £269  4s.  3d. 
on  the  1st  of  April,  1866. 

The  number  of  ordinary  members  on  the  roll  of  the 
Society  on  the  1st  of  April,  1866,  was  183,  and  five  new 
members  have  been  elected  during  the  year.  The  losses 
have  been  by  resignations,  four;  de&ulters,  three;  and  one 
ordinary  member  elected  an  honorary  member.  The  number 
of  members  on  the  roll  on  the  1st  of  April,  1867,  was  there- 
fore 180. 

It  is  a  noteworthy  circumstance  that  no  deaths  have 
occurred  amongst  the  ordinary  members  during  the  year ; 
but  the  Society  has  lost  three  of  its  honorary  members — 
Professor  Eilert  Mitscherlich ;  Mr.  John  Mercer,  F.RS.; 
and  William  Hopkins,  Esq.,  M.A.,  LLD.,  F.RS. ;  and  two 
FBOOBiDiirefl— Lit.  &  Phil.  Soocttt.— Vol.  VL— No.  16— Ssssion  1866-7' 
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corresponding  members,  Mr.  Benjamin  Dockray  and  Pro- 
fessor A.  D.  Bache.  One  new  honorary  and  two  corre- 
sponding members  have  been  elected  during  the  year. 

Mr.  Mercer  was  a  remarkable  instance  of  a  self-made  man. 
Beginning  the  world  without  any  advantages  derived  from 
education  or  easy  circumstances^  by  indomitable  eneigy  aiid 
perseverance  he  attained  a  considerable  position  both  as  a 
man  of  science  and  a  manufacturer.  The  best  portion  of 
his  life  was  devoted  to  calico  printing,  to  the  advancement 
of  which  he  contributed  by  the  invention  of  many  useAil 
and  ingenious  processes.  He  was  bom  Februaiy  21st,  1791, 
at  Gbreat  Harwood,  neaa:  Accrington.  His.  father  hada  small 
cotton  factory,  and  he  himself  worked  in  early  youth  at  the 
loom.  In  1807,  being  then  16  years  old,  he  was  much  struck 
by  the  bright  colour  of  a  child's  dress,  which  was  an  orange 
dyed  with  annotto.  The  wish  to  dye  this  and  similar 
colours  possessed  him,  but  he  did  not  know  how  to  b^in. 
In  an  outline  of  his  life,  drawn  up  by  Mr.  Mercer  for  his 
sons,  he  says: — "How  to  begin  was  my  difficulty.  There 
was  no  fancy  dyer  in  our  village;  I  had  no  acquaintance 
with  any  one  who  knew  anything  of  dyeing,  and  I  had  no 
books  that  would  help  ma  The  villagers  wore  mostly  dyed 
cotton  at  that  time,  and  got  them  dyed  at  Blackburn.  I 
therefore  went  to  a  druggist  at  Blackburn,  and  got  a  little 
of  aU  the  kinds  of  stuffs  the  dyers  used,  wUh  the  namua 
written  on  each.  Weavers  at  this  time  having  plenty  of 
cotton  fents,  I  was  thus  well  provided  with  all  that  was 
required,  and  by  ringing  changes  and  labelling  all  the  results 
I  was  able  to  dye  all  the  colours  then  in  usa  Not  having 
convenience  where  I  lived,  I  took  a  man  to  join  me,  who  had 
a  sufficient  building  for  a  dyehouse,  with  water  near,  and 
we  dyed  for  the  inhabitants  of  Great  Harwood  and  t^e  sur^ 
roimding  villages."  From  1809-10  Mr.  Mercer  was  employed 
in  the  works  of  Mr.  Fort^  calico  printer,  at  Oakenshaw^  near 
Hai-wood.    During  the  following  years  he  devoted  Kin^p^lf 
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with  much  ardour  to  the  study  of  chemistry,  to  which  his 
attention  had  been  directed  by  the  purchase  at  an  old  book- 
stall of  a  copy  of  "Parkinson's  Pocket  Chemistry."  He 
then  began  to  experiment  on  colours  for  calico  printing,  and 
at  the  end  of  1817  had  succeeded  in  applying  some  totally 
new  colours  to  caUco.  Amongst  these  was  the  orange  sul- 
phuret  of  antimony,  a  colour  so  much  brighter  than  the  one 
up  to  that  time  dyed  with  annotto  as  to  immediately  attract 
the  notice  of  the  calico  printers  in  the  neighbourhood.  His 
success  led  to  his  appointment  as  chemist  in  Mr.  Fort's 
works,  at  Oakenshaw.  In  1825  he  was  admitted  a  partner 
in  the  concern,  and  continued  in  this  capacity  till  1848, 
when  the  firm,  having  been  very  successful,  gave  up  the 
business,  Mr.  Mercer  retiring  with  a  handsome  fortune.  He 
thenceforward  devoted  himself  to  theoretic^  chemistry,  and 
wa^  during  later  years  in  correspondence  with  many  of  the 
first  chemists  of  the  day. 

It  would  be  difficult  to  name  all  Mr.  Mercer's  inventions 
in  connection  with  calico  printing.  It  may  suflBce  to  mention 
those  with  which  his  name  is  chiefly  associated.  The  long 
popular  style  of  manganese  brown,  with  white  discharge 
and  wood-colour  illuminations,  was  his  invention,  and  hun- 
dreds of  thousands  of  pieces  in  this  style  must  have  been 
printed.  He  contributed  largely  to  the  chemistry  of  indigo 
dyeing,  and  invented  an  ingenious  process  for  discharging 
indigo  blue  by  means  of  alkali  and  red  prussiate  of  potash. 
He  was  the  original  maker  of  dry  stannate  of  soda,  now  so 
largely  used  by  calico  printers,  Mr.  Steiner  having  previously 
introduced  the  %uid  stannate  of  potash,  a  much  more 
costly  article.  He  was  the  first  to  apply  arseniates  as  a 
substitute  for  cow's  dimg  in  madder  dyeing,  phosphates 
having  previously  been  employed  for  the  same  purposa 
The  chlorinating  of  woollen  fabrics  and  mixed  fabrics  of 
wool  and  cotton,  whereby  a  property  of  seizing  and  retaining 
colours  with  greater  focility  is  given  to  wool,  was,  as  all 
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printers  of  these  fabrics  will  admit,  a  step  of  very  great 
importance,  and  had  Mr.  Mercer  patented  this  invention  a 
very  large  sum  would  probably  have  accrued  to  him.  It 
was,  however,  given  to  the  trade  with  no  reservation  what- 
ever. To  Mr.  Mercer  must  be  attributed  the  discovery  of 
the  peculiar  action  of  caustic  soda  and  sulphuric  add  upon 
cotton.  This  singular  process,  now  called  "  mercerizLng** 
has  the  effect  of  untwisting  the  normally  twisted  flattened 
tubes  of  cotton  filaments  and  converting  them  into  cylin- 
drical tubes.  When  colours  are  applied  to  the  cotton  so 
treated  they  pass  more  readUy  through  the  minute  pores  of 
the  tubes  and  are  precipitated  in  denser  layers  in  the  interior 
of  the  latter,  whereby  darker  and  more  permanent  shades 
are  produced.  Calico  so  treated  has  become  greatly  increased 
in  strength,  and  though  hitherto  no  large  quantities  of  doth 
thus  prepared  have  been  printed,  owing  to  the  expense  of 
preparation,  advantage  has  been  taken  of  the  process  to 
prepare  the  cotton  fabric  used  in  the  production  af  the  end- 
less web  known  to  calico  printers  as  the  indiarubber  blanket, 
which,  when  made  with  prepared  calico,  is  rendered  mudi 
more  durable, 

Mr.  Mercer  acted  as  a  chemical  juror  for  the  Great  Ex- 
hibition of  1851,  as  well  as  that  of  1862.  In  1852  he  was 
elected  a  Fellow  of  the  Royal  Society.  He  was  an  honorary 
member  of  this  Society  as  -^ell  as  of  the  Glasgow  Philo- 
sophical Sodety.  He  was  put  on  the  commission  of  the 
peace  in  1861.  Mr.  Mercer  closed  a  long  period  of  useAil 
labour  on  November  30th,  1866,  after  several  years  of 
suffering,  borne  by  him  with  great  fortitude  and  resignation. 
He  had  endeared  himself  to  all  who  knew  him  by  his  sim* 
plicity  of  character,  large-hearted  kindness,  and  purity  of 
life.  To  the  poor  his  hand  was  always  freely  extended,  and 
having  himself  been  one  of  the  people,  he  knew  how  to 
sympathise  with  their  sorrows  and  give  aid  where  most 
wanted.     Though  dying  at  an  advanced  age,  his  loss  is  felt 
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by  a  large  circle  of  friends  as  that  of  one  whose  powers  of 
mind  and  virtues  of  heart  were  of  no  common  order. 

The  following  list  of  Papers  and  Communications  read  at 
the  Ordinary  and  Sectional  Meetings  of  the  Society  during 
the  session  now  ending  will  show  that  there  is  no  abatement 
in  the  scientific  zeal  and  activity  of  the  members  and 
associates  who  contribute  to  the  Society^s  Memoirs  and 
Proceedings : — 

Octdber  2nd,  1866.—"  On  the  Portraits  of  Sir  Isaac  Newton  ; 
and  particularly  on  one  of  him  by  Kneller,  painted  about  the  time 
of  the  publication  of  the  Prindpia,  and  representing  him  as  he 
was  in  the  prime  of  life,"  by  Samuel  Crompton,  M.D. 

October  ith,  1866. — "  On  a  Process  for  Printing  Photographs  in 
various  Colours,"  by  Mr.  J.  A.  Gatty. 

October  Sth,  1866. — **0n  the  Plants  Springing  up  Spontaneoui^y 
on  the  fresh  turning  up  of  the  Pasture  Land  at  Knutsford, 
Cheshire,"  by  Mr.  H.  A.  Hurst 

October  llth,  1866.— "  Observations  of  the  Eclipse  of  the  Sun, 
October  8th,  1866,  at  Mr.  Worthington's  Observatory,  Crumpsall," 
by  Joseph  Baxendell,  F.R.A.S. 

October  llth,  1866. — "Results  of  a  Comparison  of  the  Magni- 
tudes of  the  Bedford  Catalogue  with  those  of  Sir  John  Hersohel," 
by  George  Knott,  F.R.A.S. 

October  llth,  1866. — "Note  on  the  Combined  Magnitude  of 
Two  Stars  m  Close  Proxhnity,"  by  George  Knott,  F.R.A.S. 

October  llthy  1866. — Catalogue  of  Binary  Stars,  with  Introduc- 
tory Remarks,"  by  Alfred  Brothers,  F.R.A.S. 

October  16«A,  1866.  — "On  the  Isomorphism  of  Thallium- 
perchlorate  with  the  Potassium  and  Ammonium-perchlorates,"  by 
Professor  H.  E.  Roscoe,  F.R.S.,  <fec. 

October  SOth,  1866.— "On  the  Manufacture  of  Sulphide  of 
Ammonimn,"  by  Peter  Spence,  F.S.A.,  <fec. 

November  Sth,  1866. — "Observations  of  the  New  Variable  Star 
T  Coronce,"  by  Joseph  Baxendell,  F.R.A.S. 

November  I2th,  1866.— "On  Mosses  New  to  Great  Britain,"  by 
Mr.  K  G.  Hunt. 
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Novtfmber  13<A,  1866. — "On  EohinuB  Lividus,  Dluartxated  by 
Specimens  firom  Boundstone/'  by  Thomas  Aloock,  M.D. 

November  l^th,  1866.—"  On  the  Structure  of  the  Spines  of 
Echini,"  by  Mr.  H.  A.  Hurst 

November  21th,  1866.—"  Observations  of  the  Meteoric  Shower 
of  November  13-14,  1866,"  by  Joseph  Baxendell,  F.RA.S. 

December  ^ih,  1866.— "Observation  of  the  Oooultation  <rf 
Aldebaran,  November  22nd,  1866,"  by  Alfred  Brothers,  F.RA^S. 

December  6^  1866. — "  On  some  Recent  Results  of  Observations 
of  the  Specific  Gravity  of  Sea  Water,"  by  Thomas  Heelis,  F.R.  A-S. 

December  llthy  1866. — "On  the  Recent  Suspension  by  the 
Board  of  Trade  of  Cautionary  Storm  Warnings,"  by  Joeej^ 
BaxendeU,  F.R.A.S. 

December  IM,  1866. — "On  two  Fossil  Specimens  of  a  Species 
of  Calamites  from  the  Carboniferous  Strata  of  Great  Britain,"  by 
R  W.  Binney,  F.RS.,  F.G.S. 

^December  Wth,  1866.— "On  the  Occultation  of  Aldebaian  by 
the  Moon,  January  16,  and  on  the  Eclipse  of  the  Sun,  March  5, 
1867,"  by  Mr.  W.  L.  Dickinson. 

December  llt4,  1866. — "Notes  on  Varieties  of  Sarethamnus 
Scoparius  and  Stachys  Betonica,  from  the  Lisardy  Cornwall,"  by 
Mr.  Charles  Bailey. 

December  llih,  1866.— "Notes  on  Wood-feeding  Coleoptera." 
by  Mr.  Joseph  Sidebotham. 

December  13«^,  1866.— "On  a  New  Frame  for  Printing  Tran- 
sparencies on  Glass,"  by  Mr.  Coote. 

January  ^rdy  1867. — "  On  the  Mean  Weekly  Temperature  at 
Old  Traflford,  Manchester,  for  the  Seventeen  Years  1850-1866," 
by  G.  V.  Vernon,  F.RA.S.,  F.M.S. 

Jamtary  Srrf,  1867.— "On  the  Rainfall  for  1866,  at  Old  Traflford, 
Manchester,"  by  G.  V.  Vernon,  F.RA.S.,  F.M.S. 

January  Zrd,  1867.—"  Results  of  Observations  of  Variable  Stars, 
made  at  the  Mannheim  Observatory  during  the  year  1866,*'  by 
Dr.  K  Sohonfeld,  Director  of  the  Observatory. 

January  Ithy  1867. — "On  Polymorphina Tubulosa,"  byTh<»nas 
Alcock,  M.D. 

January  Sth^  1867. — "On  Two  Remarkable  Fossil  Insects  fix>m 
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the  Lower  Coal  Measures  near  Hiiddersfield/'  by  E.  W.  Biiiney, 
F.RS.,  F.G.S. 

January  8<^,  1867. — ^*'0n  the  Amount  of  Oorbonic  Aoid  con- 
tained in  Sea  Air/'  by  Mr.  T.  £.  Thorpe. 

January  ^ih,  1867. — "On  the  Amount  of  Carbonic  Acid  oon- 
tahied  in  the  Atmosphere  df  Tropical  Brazils  tlttring  the  fiainy 
Season,"  by  Mr.  T.  E.  Thorpe. 

January  lOth,  1867.— "On  'Braun's'  Photographic  Cities  of 
Drawings  of  the  Old  Masters,"  by  J.  B.  Dancer,  F.R.A.S. 

Jarmary  10M>  1867. — "On  Mr.  Mercer's  Process  of  Printing 
Photographs  in  varior«  Colours,"  by  J.  B.  Dancer,  ;P.RA*S. 

Jamuxity  22n(^  1867. — "On  Casting,  Grinding,  and  Polishing 
Specula  fbr  Reflecting  Telescopes  (Part  H.),"  by  James  Nasmyth, 
C.R,  Corresponding  Member  of  the  Society. 

January  22nd,  1867.— "On  Storm  Warnings,"  by  Dr.  Buys 
Ballot 

January  ^lit,  1867.* — "Results  of  Raingauge,  Anemometer, imd 
Ozone  Obserrataons,  made  at  Eo^es,  near  Manchester,  during  tiie 
year  1866,"  by  Thomas  Mackereth,  F.RA.S.,  F.M.S. 

January  3itty  1867. — "  Obeenration  of  the  Ocoultation  of  Alde- 
baran,  January  16th,  1867,  at  Mr.  Worthin^n's  Ohseryatoary," 
by  Joseph  Baxendell,  F.RAiS. 

January  SlH,  1867.— "Observation  of  the  Occultation  of  Aide- 
baran,  January  16th,  1867,"  by  Alfred  Brothers,  F,RA«S. 

Janmary  31«t,  1867.— "On  the  Elements  of  the  Variable  Star 
R  Persei,"  by  Joseph  Baxendell,  F.RA.S. 

January  Zlst,  1867.—"  On  the  Variable  Star  R  Vulpecuto,"  by 
George  Knott,  F.RA^. 

FebrtMry  5th,  1867.— "On  Barometric  Waves,"  by  Sir  J.  F.  W. 
Herschel,  Bart,  MJL,  F.RS.,  Ac.,  Honorary  Mesiber  of  the 
Society. 

Ftbmary  19<&,  1867.— "On  Siemen's  and  Wheatstone's  Magneto- 
electric  Machines,"  by  Mr.  Henry  Wilde. 

Fdyruary  191^,  1867.—"  On  the  Origmation  of  the  System  of 
Issuing  Storm  Warnings,"  by  Mr.  T.  H.  Babington. 

February  19^,  1867.—"  On  the  Casting,  Grinding,  and  Polishing 
of  Specula  for  Reflecting  Telescopes  (Part  III.),"  by  James  Na- 
smyth, C.R,  Corresponding  Member  of  the  Society. 


172 

F^brwxry  20tA^  1867. — ''  On  the  Beyeraed  Action  of  Li^t  in 
Photography,"  by  Mr.  Joseph  Sidebotham. 

Marck  hih,  1867.—"  On  a  Section  of  the  Drift  and  the  Under- 
lying Triaasio  and  Coal  Measures  at  Ardwick,"  by  K  W.  Binney, 
F.RS.,  F.G.S. 

March  dth,  1867. — ''On  Some  of  the  Conditions  of  Molecular 
Action,"  by  Arthur  Ransome,  M.R,  M.A.,  Cantab. 

March  12th,  1867.— **  On  Photographs  taken  during  the  Eclipee 
of  the  Sun,  March  6th,  1867,"  by  Alfred  Brothers,  F.RA.S. 

March  19th,  1867.— "  Observations  of  the  EcUpse  of  the  Sun, 
March  6th,  1867,"  by  J.  B.  Dancer,  F.RA.S. 

March  19^,  1867. — ''On  an  Apparatus  for  Determining  the 
Horizontal  Magnetic  Intensity  in  Absolute  Measure,"  by  J.  P.  Joule, 
LL.D.,  F.RS.,  &c.,  V.P. 

March  19th,  1867.— "Note  on  the  Tangent  Galvanometer,"  by 
J.  P.  Joule,  LLD.,  F.RS.,  &c.,  V.P. 

March  19th,  1867.— "On  a  Section  of  the  Drift  Deposits  in  the 
Banks  of  the  Kibble,  near  Balderston  Hall,"  by  Edward  Hull, 
RA.,  F.G.S. 

April  2nd,  1867. — "On  the  Microscopical  Examination  of  Coal 
Ash  or  Dust  from  the  Flue  of  a  Furnace,  Illustrated  by  the 
Microscope,"  by  J.  B.  Dancer,  F.RA.S. 

April  2nd,  1867.— "On  the  Galvanometer,"  by  William  Jack, 
M.A.,  Professor  of  Natural  Philosophy  at  Owens  College. 

April  2nd,  1867. — "Additional  Note  on  the  Galvanometer,"  by 
J.  P.  Joule,  LL.D.,  F.R.S.,  <fec.,  V.P. 

April  2nd,  1867. — "Notes  on  the  Smallest  and  Simplest  Forms 
of  Matter  and  its  Relations  to  Mechanical  Forces,"  by  Mr.  J.  C. 
Dyer,  V.P. 

April  2nd,  1867. — "Variable  Star  Ephemeris  for  1867,  calcu- 
lated from  the  Elements  given  in  Dr.  Schonfeld's  Catalogue,"  by 
J.  R  Hind,  F.RS.,  Superintendent  of  the  "  Nautical  Almanac," 
and  Honorary  Member  of  the  Society. 

April  9th,  1867.— "Note  on  Photography  in  1787,"  by  Alfred 
Brothers,  F.RA.S. 

April  I6th,  1867.— "On  a  New  Form  of  the  Dynamic  Method 
for  Measuring  the  Magnetic  Dip,"  by  Sir  William  Thomson,  M.A., 
D.C.L.,  F.RS.,  <kc..  Honorary  Member  of  the  Society. 
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April  16^  1867. — ''Further  Remarks  on  the  Galyanometer," 
by  William  Jack,  M.  A.,  Professor  of  Natural  Philosophy  at  Owens 
College. 

April  IQih,  1867. — "  Observations  on  the  Alteration  of  the 
Freezing  Point  in  Thermometers,"  by  J.  P.  Joule,  LLD.,  F.RS., 
Ac.,  V.P. 

April  I6th,  1867.— "On  the  Casting,  Grinding,  and  Polishing  of 
Specula  for  Reflecting  Telescopes  (Part  IV.,)"  by  James  Nasmyth, 
C.R,  Corresponding  Member  of  the  Society. 

April  22nd,  1867. — *'  On  Foraminifera,"  by  Mr.  James  Linton. 

April  22nd,  1867.— "On  Ashes  from  Furnace  Flues,"  by  Mr. 
Joseph  Sidebotham. 

Many  of  these  papers  will  appear  in  the  forthcoming 
volume  of  Memoirs,  the  printing  of  which  is  fer  advanced, 
and  is  expected  to  be  completed  before  the  commencement 
of  the  ensuing  session. 

The  system  of  admitting  Sectional  Associates  has  con- 
tinued to  work  satisfactorily,  and  the  Council  have  there- 
fore resolved  to  recommend  its  renewal  for  another  year. 

The  Librarian  reports  that  the  Society  continues  to  be  in 
regular  receipt  of  the  usual  Transactions,  Memoirs,  &c., 
issued  by  the  various  learned  bodies  with  which  the  Society 
is  in  correspondence.  The  number  of  societies,  &c.,  ex- 
changing their  publications  with  this  Society  is  now  256, 
74?  of  which  are  British  and  182  foreign,  or  an  increase  of  5 
British  and  7  foreign  upon  the  number  of  last  year. 

Since  the  date  of  the  last  Report  the  attention  of  the 
Librarian  has  been  chiefly  given  to  the  acquisition  of  volumes, 
parts,  &;c.,  which  have  been  wanting  for  some  time  past, 
and  it  is  gratifying  to  be  able  to  state  that  unusually  large 
and  valuable  donations  of  such  desiderata  have  been  added 
to  the  Library  in  the  course  of  the  past  year.  The  Philo- 
sophical Transactions  for  1845  and  1846,  referred  to  in  Vol. 
III.  of  Proceedings,  p.  278,  as  having  been  lost,  and  many 
other  Journals,  &c.,  entered  in  the  catalogue  as  wanting, 
have  been  replaced  in  this  way. 
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The  munber  of  woiios  acoumnkiing  in  ihe  lifaraiy  has 
necessitated  the  enlai^ment  of  one  of  the  book-oases^  and 
the  time  is  not  distant  when  additional  space  will  be 
required  for  the  increasing  number  of  puUications  wliich 
are  coming  to  hsnd  daily. 

The  following  is  a  list  of  serial  publications  which  the 
Librarian  is  authorized  to  purdiase  for  the  Library : — 

The  London,  Edinburgh^  and  Dublin  Philosophical  Magazine. 

The  Annals  and  Magazine  of  Natural  History. 

The  Quarter]^  Journal  of  Science. 

The  Zoologist. 

The  Publications  of  the  Paloaontographical  Society. 

„  „  ,,      Ray  Society. 

„  „  „      Cayendish  Society. 

The  Quarterly  Journal  of  Pure  and  Applied  Mathematics. 
Les  Annales  de  Ghimie  et  de  Physique. 
Les  Annales  des  Sciences  Naturelles ;  Zoologie  et  Botanique. 
Le  Journal  de  Pharmacie  et  de  Chimie. 
Lee  Archiyes  des  Sciences  Physiques  et  Naturellea 
Prodromus  systematis  uniyersalis  regni  yegetabilis,  par  Alphonso 

de  Candolle. 
Die  Astronomische  Nachrichten. 
Die  Annalen  der  Physik  mid  Chemie. 
Die  Annalen  der  Chemie  imd  Pharmacie. 
Die  Journal  for  die  reine  und  angewandte  Mathematik. 
Neues  Jahrfouch  for  Miueralogie,  Geologic,  und  PakBontologie 
Die  Zeitschrift  for  wisseuschafUiche  Zoologie. 
Allgemetne  Enoyklopadie  der  Physik. 
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On  the  motioa  of  Mr.  Cabbice,  seconded  by  Mr.  BbotH£B8; 
the  Annual  Report  waa  unanimous^  adopted. 

The  following  gentlemen  were  elected  officers  of  the 
Society  for  the  fflimiing  year : — 

fttsilyimt* 

SDWABD  8CHTJKCK,  Pk.!).,  F.K.S.,  F.O.S. 

BOBEBT  ANGOS  SMITH,  Ph.D.,  P.B.S.,  F.C.S.,  Ac. 
JAMES  PBESCOTT  JOULE,  D.C.L.,  LL.D.,  F.B.S.,  &c. 
EDWARD  WILLIAM  BINNET,  F.B.S.,  F.Ch.S. 
JOSEPH  CHE8B0B0U0H  DYBB. 

HENBT  ENFIELD  R08C0E,  B.A.,  Ph.D.,  P.BS.,  F.C.S. 
JOSEPH  BAXENDELL,  F.B.A.8. 

BOBEBT  WOBTHINGTON,  F.BA.S. 

filrcorian. 

CHAELES  BAILEY. 

BEY.  WILLIAM  QASKBLL,  M.A. 

PETEB  SPENOE,  F.aS.,  M.S.A. 

OEOBOE  YBNABLES  YBBNON,  F.B.A.8.,  F.M.8. 

JOHN  BENJAMIN  DANCEB,  F.E.A.S. 

WILLIAM  JACK,  MA. 

WILLIAM  LEESON  DICKINSON. 
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"On  the  Galvanometer"  by  William  Jack,  M.A.,  Pro- 
fessor of  Natural  Philosophy  at  Owens  College. 

The  author,  referring  to  his  communication  entitled 
"Fxirther  Remarks  on  the  Galvanometer,"  printed  in  the 
last  number  of  the  Society's  Proceedings,  points  out  that  a 
serious  misprint  had  occurred  on  page  159,  where  in  the 
third  line  n+i  should  be  n  and  i.  He  then  suggests  that 
the  use  of  the  formula  he  had  given  would  afford  a  very 

satisfSeu^ry  method  of  determining  the  magnetic  length  of 

213 
a  bar  magnet     Thus  for  71=^^5'  ^^  should  have  a  negative 

result  for  any  intensity  between  suchas  willmakesin'a, = -^yt 

116*7 
andsin*oi=-oT3-.     Thus,  if  the  very  first  entire  length  of 

magnet  for  which  this  reversal  of  effect  takes  place  (trying 

all  possible  intensities)  be  L,  since   -,  >  g,g    and  -j=  a, 

a  known  fraction  5-,  must  be  >  -oTk-  "    ^^^   ^  I  Yiayq 

shown  above  that  it  is  probably  very  possible  to  obtain  by 

212*1 
sufficient  care  instead  of  the  vague  >  g.^    something  which 

212*1  213  P 

is  at  least  between  q-.^    and  5^5  f?  ^^*^  ^  determined  with 


great  accuracy  and  |- will  lie  between  J-oTR —  «^d  Jsis  *  ""• 

Probably  in  practice  much  narrower  limits  might  be  found 
determinable,  with  ordinary  values  of  i.    Thus  even  for 

»=212-2,d;?=8m'a  would  lie  between -gjgTo"*'^^  212*2'  ^^^ 
gives  a  fair  range  for  a,  so  that  it  is  unlikely  that  a  good 
experimenter,  carefully  raising  or  lowering  the  intensities, 
would  £eu1  to  observe  the  change  in  sign  of  deviation  which 
corresponda 
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STQBM  WARNINGS. 

Mr.  Baxendell^  in  reply  to  a  question  fix>in  Mr. 
Brothers,  F.RA.S.,  stated  that  General  Sabine  had  not 
yet  offered  any  reply  to  the  letter  he  had  addressed  to 
him  on  the  26th  March  commenting  upon  the  proceedings 
of  the  President  and  Council  of  the  Royal  Society  in 
reference  to  the  Meteorological  Department  of  the  Board 
of  Trade  and  the  suspension  of  storm  -warnings.  It  was 
evident  that  these  proceedings  would  not  bear  examiBa- 
tion  and  disot^usion,  and  aa  a  consequence^  no  oonfidenee 
could  j}f>w  be  placed  in  the  so-called  "  Scientific  Committee," 
which  had  been  appointed  by  the  President  and  Council,  to 
superintend  the  MeteoroI(^c«l  Department  This  com- 
mittee had  shown  itself  to  be  utterly  reg^urdless  of  public 
opinion  and  feeling,  and  quite  unfitted  to  carry  out 
effieienti^y  the  duties  which  had  been  so  ably  and  ao 
usefully  discharged  by  the  late  Admiral  Fitzrpy  and  his 
assistant  Mr.  Babington;  and  in  the  interests  of  science, 
coQunerce,  and  humanity  it  w^  to  be  hoped  that  the  Board 
of  Trade  would  again  take  the  management  of  the  Meteoro- 
logical Department  into  their  own  hands,  and  appoint  Mr. 
Babington,  or  some  otiier  competent  and  r8qx>n8ible  peracHi, 
to  resume  and  carry  on  the  sjrstem  of  storm  warnings. 

As  an  illustration  of  the  lamentable  consequences  of  the 
suspension  of  ston^  signals  it  might  be  stated  that  among 
the  wr^ks  caused  h^  the  unusually  heavy  gale  of  the  lOtii 
of  April  there  w&cq  four  vessels  which  had  sailpd  flx)m  Liver- 
pool just  before  the  commencement  of  the  storm.  Thr^  of 
these  vessels  had  biden  thrown  on  the  Lancashire  coast  and 
totally  lost,  and  the  lives  of  three  of  the  crew  of  one  vessel 
had  be^a  saorificed.  The  fourtii  vessel  had  foundered  in 
the  Irish  Sea  and  all  hands  were  lost  Now  the  meteorolo- 
gical phenomena  immediately  preceding  the  oocuirenoe  of 
this  storm  were  of  such  a  nature  that  there  could  have 
been  no  difficulty  in  giving  notice  of  its  approach  in  ample 
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time  to  preveut  tbe.  sailing  of  these  vessels.  In  fitct, 
wjliiiout  Uie  a^d  of  telegrams  from  distant  stations,  it^ 
appiro^  was  confidently  announced  bf^  Manchester  so 
early  as  the  evening  of  Monday  the  8th  of  April,  and  th^ 
direction  in  which  the  wind  would  blow  during  the  most 
violent  period  of  the  storm  was  also  stated  at  the  same 
tima  The  grounds  of  this  prediction  wei^e  explained,  and 
it  was  shown  that  even  if  the  rules  of  meteorology  were 
not  yet  established  ''on  a  strictly  scientific  basis/'  the  plea  put 
forward  by  the  President  and  Council  of  the  Boyal  Socj[e,ty 
for  discontinuing  storm  signals  could  only  be  re^irded 
as  frivolous.  It  is  understood  that  the  expense  of  the 
Meteorological  Department,  under  the  new  management^ 
is  now  more  than  double  the  amount  it  cost  under  the 
management  of  the  late  Admiral  Fitzroy,  and  yet  the 
most  important  and  practically  useful  portion  of  its  duties, 
and  that  which  involved  the  greatest  current  expense, 
has  been  given  up;  and  while  even  the  Sdentifio  Com- 
mittee cannot  deny  that  our  present  knowledge  of  the 
laws  of  meteorological  phenomena  affords  us  the  means  of 
saving  immense  amounts  of  valuable  property  and  many 
valuable  lives,  yet  this  committee  has  nevertheless  presumed 
to  deprive  the  public  of  the  advantages  to  be  derived  from 
this  knowledge,  and  has  not  hesitated  to  divert  the  funds 
which  have  hitherto  been  so  usefrilly  applied  in  the  interests 
of  commerce  and  humanity,  to  the  furtherance  of  schemes 
and  scientific  crotchets  which  are  altogether  uncalled  for  by 
the  requirements  of  meteorological  science,  and  which, 
however  interesting  and  important  they  may  be  to  the 
parties  immediately  concerned,  have  certainly  no  interest 
whatever  for  the  general  public.  Surely  this  is  a  state  of 
things  which  calls  for  the  interference  of  those  who  are 
charged  with  the  power  and  responsibility  of  controlling 
the  expenditure  of  the  public  money. 
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Mr.  Baxendell  also  called  attention  to  the  inGreasiiig 
number  of  vessels  which  were  reported  as  having  foundered 
at  sea,  and  Mr.  BiNNEY  suggested  that  it  might  be  owing  to 
the  greatly  increased  length  of  modem  built  ships^  especially 
those  constructed  of  iron. 

Mr.  W.  B.  Johnson  said,  the  fiwst  referred  to  by  Mr. 
Baxendell  admitted  of  easy  explanation.  The  materials 
now  used  in  the  building  of  iron  ships  were  greatly  inferior, 
both  in  strength  and  quality,  to  those  used  in  ships  built 
some  years  ago.  In  some  cases,  where  a  builder  formerly 
employed  iron  plates  three-eighths  of  an  inch  thick  he  now 
contented  himself  with  plates  only  three-sixteenths  of  an 
inch  in  thickness,  and  the  strength  of  the  angle-irons,  &&, 
was  reduced  in  the  same  proportion.  It  was  no  exaggera- 
tion to  say  that  the  weight  of  the  iron  now  used  in  building 
a  vessel  of  a  given  tonnage  was  fully  one-third  less  than 
was  generally  considered  necessary  some  years  ago;  and 
besides  this,  the  iron  now  used  for  ship's  plates  was  notori- 
ously of  very  inferior  quality.  No  recently  built  iron  ship 
could  be  found  that  would  bear  the  bumping  and  straining 
which  the  "  Great  Britain,"  built  a  quarter  of  a  century 
ago,  bore  in  Dundrum  Bay. 
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MICROSCOPICAL  AND  NATURAL  HISTORY  SECTION. 
February  25th,  1867. 

A.  G.  Latham,  Esq.,  President  of  the  Section,  in  the  Chair. 

Mr.  Coward  exhibited  specimens  of  Calluna  vulgaris 
from  Newfoundland,  with  the  following  memorandum,  in 
the  handwriting  of  the  late  Robert  Brown,  on  a  ticket 
attached :  "  Erica  vulgaris  Linn,  at  the  head  of  Trepassey 
and  St.  Mary's  Bay  on  the  south-east  coast  of  Newfound- 
land, covering  considerable  tracts.  Mr.  Mc.  Cormack  re- 
ceived from  Mr.  George  Don,  June  3rd,  1830.  In  the 
collection  were  three  specimens,  none  of  them  in  fructifi- 
cation.—R  B." 

Dr.  Seemann  {Jmir.  Bot,  Oct.,  1866)  thinks  the  New- 
foundland Heath  may  prove  to  be  a  distinct  species,  but 
Dr.  Asa  Gray  considers  it  identical  with  the  British  one. 
These  specimens  favour  the  latter  view  as  far  as  foliage  is 
concerned. 

The  Rev.  J.  E.  ViZE  exhibited  and  described  the  hairs  of 
a  foreign  Lepidopterous  caterpillar.  He  said  the  specimen 
had  remained  for  many  years  in  spirit,  and  no  record  had 
been  preserved  with  it ;  it  was  evidently  not  British,  but  he 
had  hitherto  been  unable  to  identify  it  with  any  described 
foreign  species  in  books  to  which  he  had  access. 

The  body  was  covered  with  very  large  compound  hairs 
which  gave  the  entire  creature  the  appearance  of  a  tuft  of 
moss,  and  might  possibly  serve  for  its  protection  by  the 
likeness  to  a  vegetable  growth.  The  unusual  and  peculiar 
PxoonDnrM— Lit.  4  Phu.  Soohtt.— Vol.  YI.— No.  17— Simiok  1866-7. 
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development  of  these  hairs  suggested  a  microscopical  exa- 
mination of  them,  and  the  result  had  been  interesting  as 
showing  that,  whether  or  not  the  entire  mass  of  the  com- 
pound hairs  serve  for  protection  by  concealment,  the  com- 
plex structure  of  their  points,  which  are  capable  of  protrusion 
and  have  each  a  bag  or  gland  at  their  base  contained  within 
the  tubular  branch  from  which  they  project,  fits  them  to 
act  as  most  efficient  weapons  of  offence. 


March  26th,  1867. 
J.  SiDEBOTHAM,  Esq.,  in  the  Chair. 

Mr.  HuBST  said  he  had  received  a  letter  from  Mr.  R  G. 
Breabet,  dated  February  16th,  Douglas,  Isle  of  Man,  refer- 
ring to  three  living  specimens  of  Echinis  sphsera^  kindly 
sent  by  him,  and  received  here,  in  good  condition.  The 
attempt  had  been  made  to  keep  them  alive  in  artificial  sea 
water,  but  after  several  days  they  appeared  to  be  dying,  and 
were  put  in  spirit  They  are  now  at  the  service  of  any 
members  who  wish  to  have  them  for  microscopic  examina- 
tion. 

Mr.  Brearey  mentions  in  his  letter  jbhat  he  had  asked  the 
man  who  procured  the  specimens  for  him  what  he  knew  of 
the  habits  of  the  Echini,  and  was  1)old  that  they  walk  by 
by  means  of  their  spines,  and  feed  upon  any  animal  matter 
living  or  dead ;  also  that  they  are  sometimes  eaten  boiled, 
and  taste  like  the  roe  of  the  codfish. 

The  thanks  of  the  meeting  were  voted  to  Mr.  Brearey  for 
his  communication  and  for  the  accompanying  specimens. 

Mr.  Dancer,  F.R A.S.,  read  a  paper  "  On  the  Microscopical 
£xamiiiati<m  of  Coal  Ash  or  Dust  from  the  Flue  of  a  Fur- 


183 

nace,  illustrated  by  the  Microscope."  [This  paper  was 
afterwards  read  at  the  ordinary  meeting  of  the  Society,  held 
April  2nd,  1867.     See  page  143.] 

Mr.  C.  Bailey  exhibited  the  curious  fruits  of  Pawlownia 
imperialis,  really  a  native  of  Japan,  but  found  wild  in  the 
woods  near  New  York.  Mr.  Bailey  presented  a  specimen 
slide  to  the  Section. 

Mr.  Watson  read  a  paper  entitled  "  Further  Remarks  on 
the  Plumules  or  Battledore  Scales  of  some  of  the  Lepidop- 
tera,  with  illustrations  by  Mr.  Sidebotham." 


April  22nd,  1867. 

Arthur  G.  Latham,  Esq.,  President  of  the  Section,  in  the 

Chair. 

Mr.  Sidebotham  exhibited  and  described  specimens  of 
coal  ash  from  the  furnace  flues  of  the  Strines  Printing  Com- 
pany, to  which  his  attention  had  been  drawn  by  Mr.  Dan- 
cer's paper. 

They  consisted  in  a  great  part  of  spherical  bodies  almost 
exactly  simulating  "shot  and  shell"  on  a  small  scale,  the 
aperture  for  charging  the  shell  bearing  a  singular  resem- 
blance to  that  in  real  shell;  some  of  the  "shot"  were 
almost  the  size  of  dust  shot.  He  stated  that  many  cwt. 
were  annually  cjirted  away  from  these  flues,  and  suggested 
that  a  small  iron  mine  had  been  discovered. 

Although  under  examination  by  the  microscope  these 
bodies  reflected  distant  objects  very  perfectly,  especially 
when  slightly  above  the  focus,  their  surfaces  were  much 
corrugated,  and  the  high  polish  they  apparently  possessed 
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when  out  of  focus  waa  shown  to  be  entirely  illusive  when 
the  surfiEtce  was  accurately  examined. 

Mr.  Nasmyth,  to  whom  he  had  sent  specimens,  compared 
these  bodies  to  the  planets  (on  the  nebular  hjrpothesis) 
thrown  off  centres  of  intense  heat 

Mr.  Linton  read  the  following  paper  "  On  a  sample  of 
sand  from  Dogs  Bay,  Connemara^  skimmed  from  the  surface 
of  the  sea  by  Mr.  Glover,  in  July,  1866." 

While  examining  various  samples  of  sand  brought  at 
different  times  from  Dogs  Bay  it  has  frequently  occurred  to 
me  that  each  packet  is  very  perceptibly  different  frx>m  the 
others  in  the  forms  of  Foraminifera  which  preponderate, 
and  that,  while  certain  forms  are  common  in  some  of  the 
samples,  they  appear  to  be  altogether  absent  from  others.  I 
have  very  little  doubt  that  these  differences  depend  on  the 
time  of  year  at  which  such  gatherings  were  made,  and 
whether  they  were  taken  from  the  shore  or  skimmed  from 
the  surfSBu>e  of  the  sea,  those  obtained  by  the  surface  skim- 
ming always  yielding  the  most  perfect  specimena  The 
samples  which  I  had  before  examined  were  none  of  them  at 
all  to  be  compared  for  richness  with  that  obtained  by  the 
late  Mr.  Pany  by  skimming  the  sur&ce  of  a  piece  of  water 
on  the  higher  part  of  the  shore,  and  to  which  he  gave  the 
name  of  Bums'  Pool  I  have  prepared  a  slide  containing 
all  the  forms  foimd  in  it,  and  this  I  have  now  brought  for 
exhibition. 

Mr.  Glover  kindly  collected  fresh  samples  of  sand  for  me 
in  July  last,  and  again  in  December.  The  latter  gathering 
was  frx)m  the  shore,  and  though  it  contained  a  great  variety 
of  objects,  the  more  delicate  of  them  were  in  many  cases 
broken  or  worn.  The  July  sample,  obtained  by  skimming 
from  the  surface  of  the  sea,  and  imfortunately  procurable 
only  in  very  small  quantity,  is  that  to  which  I  wish  par- 
ticularly to  draw  your  attention,  as  it  consists  of  more  perfect 
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and  beautiful  specimens  than  I  have  seen  before.  I  now 
show  these  specimens  mounted,  and  present  the  following 
list  of  them.  Before  concluding  I  would  remark,  that  it  is 
very  desirable  for  members  examining  Foraminifera  to  keep 
a  record,  not  only  of  the  place,  but  of  the  time  of  year, 
when  their  sand  was  collected. 


List  of  Foraminifera  from  Dogs  Bay. 

Lagena  yulgaris  typica.     None. 

„  „        var:  antiqua.    Very  frequent. 

„  „        var:  clavata.    Not  common  but  very  perfect. 

„  „        var:  perlucida.     Very  fine. 

„  „        var;  semistriata.     Very  fine  and  perfect 

„  „        var:  striata       \        TVery  common,    several 

>'"<      double  and  many  de- 
„  „         var:  interrupta  j       \     formed  specimens. 

„  „         var:  gracilis.     None. 

„  „        var:  substnata.     Very  fine;  several  varieties, 

among  them  one  with  the  stria  extend- 
ing  spirally  up  the  neck. 
Entosolenia  globosa  var:  lineata.     Not  common* 
„  costata.     Common. 

„  marginata.     Very  plentiful 

„  WiUiamsoDL     Very  plentiful. 

„  squamosa  typica.     Very  plentiful  and  much  varied 

inform. 
„  „        var:  scalariformis.     Not  common. 

„  „        var:  catenulata.     Not  commoa 

„  „        var:  hexagona     Common. 

Lingulina     None. 
Nodosaria  radicula     Occurs  sparingly,  but  perfect. 

„        pyrula.     None. 
Dentalina.     None. 
Frondicularia     None. 

Cristellaria  subarcuatula.     Rare ;  no  other  form  of  Cristellaria 

occurs. 
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Nonionina  JefireysiL     Rather  common. 

Poljstomella  crispa.  Very  common  and  fine.  Some  specimens 
though  Isj^e  have  spines  like  those  of 
the  young  shell ;  the  same  is  the  case 
with  specimens  I  have  obtained  from 
sand  from  the  Dardanelles. 
„  ombilicatula.     Rare. 

Peneroplis.     None. 

Patellina  corrugata.     Small,  but  very  perfect 

Rotalina.  The  sand  contains  all  the  varieties  excepting  ocho- 
racea,  inflata  and  turgida.  R.  oblonga  is  fine  and 
plentiful  and  is  very  varied  in  form. 

Globigerina  bulloides.     Common. 

Orbulina  universa.     Very  large. 

Planorbulina  vulgaris.     Very  plentiful. 

Truncatulina  lobata.     Common. 

Bulimina  pupoides  var:  mai^nata.     Rare. 

Uvigerina.     None. 

Cassidulina.     Not  common. 

Polymorphina.     All  the  varieties  plentiful 

Textularia  cuneiformis.     Not  common. 

Biloculina  ringens  var:  carinata.     Rather  common. 

Spiroloculina  depressa.     Frequent. 

Miliolina.     All  the  varieties. 

Spirilina.     None. 

Dr.  Carrington  read  the  following  paper  "  On  two  Hepa- 
ticse  New  to  Britain." 

Jungermannia  saxicolsH  Schrad. 

Stems  ascending,  rigid,  dichotomously  branched,  sparingly 
radiculose,  sub-terete,  examphigastriate. 

Leaves  bifariously  imbricated,  uniform,  unequally  bi-lobed, 
conduplieate,  inferior  lobe  rotundate  ovate,  obtuse,  or  shortly 
pointed,  concave,  arching  forwards;  sinus  deep,  gibbous; 
dorsal  lobe  smaller,  incumbent,  cuneate,  clasping  the  stem. 
Fruit  terminal,  or  from  the  growth  of  innovations  axillary, 
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involucral    leaves    2-4-fid,  lobes  unequal,  repand-serrate ; 
perianth  ovate,  6-plicate,  the  apex  lacinulate-dentate. 

J,  saxicola,  Schrader  Sammhiiig  cryptogcmiischer  Oe- 
wdchae  1796-7,    Syn,  Hepat  p.  119. 

J,  resujnnata,  Lin.  Fl.  Suecica,  ed.  1,  174S  (excl.  ayn. 
Dillen.) 

This  fine  species  was  discovered  June,  1864,  at  Ronas 
Hill,  Shetland,  by  A.  Mc.  Kinlay,  Esq.  In  general  habit 
J.  saxicola  resembles  J.  minuta,  but  the  leaves  are  more 
closely  imbricated,  the  anterior  lobe  smaller,  and  the  poste- 
rior curved  forwards,  so  that  the  back  of  the  frond  looks 
terete.  The  leaves  are  of  firm  texture,  olive-brown,  scarcely 
altered  when  dry,  areolation  dotted. 

J.  saxicola  is  not  unfrequent  in  Norway  and  Sweden,  and 
is  also  found  in  alpine  districts  through  Europe ;  so  that  I 
have  long  looked  for  it  from  Scotland.  Some  years  ago  the 
late  Dr.  Greville  was  kind  enough  to  lend  me  his  duplicates 
of  Hepaticae,  and  in  a  paper  with  J.  orcadensis  from  the 
Southerland  mountains,  I  found  two  stems  of  J.  saxicola,  as 
if  they  had  been  picked  out  of  some  tuft ;  but  as  there  were 
Exux)pean  specimens  in  the  same  packet,  1  thought  they 
might  have  got  there  accidentally. 

The  synonymy  of  J.  saxicola  was  long  in  a  confused  state. 
Linnaeus,  in  the  Flora  Suecica,  confounded  it  with  J.  resupi* 
nata  Dilleniiis,  which  was  probably  Scap.  oequiloba. 

S.  capania  Bartlingii  N.  ab  E. 

Flagiochila  Bartlingii  M.  et  N.  Hep.  Eur.  Ill,  p.  SSO. 

Stems  short,  creeping  at  the  base. 

Leaves  patent,  conduplicate,  amplexicant,  the  lobes  nar- 
rowly ovate,  entire,  cuspidate,  those  of  the  upper  leaves 
obtuse,  sinus  shallow,  gibbous,  margin  undulate. 

Perichdysetium  obovate,  compressed,  mouth  truncate,  en- 
tire. 

/.  cuapiduligera  N.  ab  E.  Hep.  Ev/r.  L  p.  180. 
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Stems  ^in.  to  lin.  high,  faAciculately  branched,  leaves  pale 
green,  the  lobes  equal,  both  short,  with  acute  points,  the 
sinus  reaches  only  about  Jth  of  the  leaf,  base  of  the  leaf 
clasping  the  stem,  margin  entire,  repand-undulate,  and 
looking  somewhat  crisped  when  dry. 

I  first  collected  this  species  April,  1858,  by  the  Strid, 
Bolton  Woods,  Yorkshire,  and  more  recently  have  received 
specimens  from  Mr.  Mudd,  frx)m  Teesdale. 

In  general  habit  J.  Bartlingii  resembles  some  aquatic 
forms  of  S.  arcosey,  Ehrharti  (J.  emarginata),  nK>re  than  a 
S.  capania.  The  lobes  are  more  nearly  equal,  and  the  sinus 
shallower,  than  in  any  other  species  with  which  I  am 
acquainted,  and  are  not  recurved. 

From  J.  aequiloba  it  may  be  distinguised  by  the  entire 
leaves — ^those  of  J.  sequiloba  are  coarsely  toothed,  and  the 
anterior  lobe,  except  in  the  apical  leaves,  smaller  than  the 
under  one. 

From  S.  compacta  it  may  be  known  by  the  lobes  in  that 
species  being  nearly  round, — whereas  in  J.  Bartlingii  they 
are  ovate,  acute,  and  undulate. 


Dr.  Alcock  read  a  paper  "  On  the  hair  of  the  Musk-deer." 
He  said  that  he  found  no  full  account  of  it  in  the  books 
he  had  referred  to,  though  most  of  its  characters  were 
separately  mentioned  by  different  authors. 

The  hair  is  about  two  inches  long,  thick,  rigid,  brittle, 
without  elasticity,  and  scarcely  at  all  flexible ;  it  has  nearly 
a  uniform  thickness  for  three-fourths  of  its  length  fit>m  the 
base,  and  then  gently  tapers  to  a  fine  point ;  its  section  is 
not  quite  circular  but  slightly  flattened  on  two  sides,  the 
other  sides  having  a  wavy  outline  in  consequence  of  the 
hair  being  bent  alternately  in  opposite  directions;  in  the 
length  of  the  hair  there  are  about  fourteen  of  these  bendings, 
they  are  most  strongly  marked  in  the  middle  third,  at  which 
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part  the  extent  of  the  alternate  lateral  divergences  is  about 
equal  to  the  thickness  of  the  hair,  but  they  are  absent  for 
some  distance  both  from  the  base  and  tip.  The  bulb  is 
glassy  and  transparent,  showing  no  structure,  flask-shaped, 
and  joined  to  the  body  of  the  hair  by  a  rather  long,  slender, 
transparent  neck.  All  this  glassy  part  is  embedded  in  the 
skin,  and,  at  the  point  where  the  hair  projects  beyond,  it 
suddenly  swells  out  to  its  full  thickness,  forming  a  hemi- 
spherical base.  A  remarkable  character  of  these  hairs  is 
their  singular  lightness,  which  may  be  seen  by  letting  them 
fall  from  the  hand,  when  they  float  through  the  air  like 
feathers.  With  the  exception  of  the  bulb,  the  entire  hair 
has  a  cellular  structure,  and  what  might  be  cajled  its  cortical 
portion  is  nothing  more  than  a  surface-layer  of  small  poly- 
gonal cells  without  any  appearance  of  homy  substance, 
while  all  the  inner  parts  consist  of  a  very  coarse  cellular 
structure  in  which  no  regularly-shaped  cells  can  be  seen, 
but  there  is  rather  the  appearance  of  shapeless  cavities 
separated  by  very  thin  membranous  partitions.  This  inner 
structure  is  so  delicate  that  the  hair  can  be  crushed  in  and 
flattened  by  very  slight  pressiure,  though  there  can  be  no 
doubt  that  its  strength  is  greatly  increased  by  the  wavy 
form  already  mentioned,  this  being  an  arrangement  similar 
to  the  ridge-and-furrow  of  iron  structures,  which  is  so 
important  an  element  of  their  strength.  Dr.  Carpenter,  in 
his  work  on  the  Microscope,  mentions  that  the  hair  of  the 
Reindeer  has  a  very  similar  structiire  to  that  of  the  Musk ; 
it  appears,  in  fact,  to  be  identical  in  plan,  and  this  complete 
cellular  structure,  so  dififerent  from  that  of  ordinary  hair,  is 
found  not  only  in  the  Reindeer,  but  in  the  common  Stag, 
the  Rusa  Deer,  and  the  Roebuck,  that  of  the  Roebuck  show- 
ing the  nearest  approach  in  general  character  to  the  hair  of 
the  Musk-deer.  With  regard  to  the  Caribou,  which  may  be 
presumed  to  have  hair  of  similar  structure  to  that  of  the 
European  Reindeer,  the  statement  of  Dr.  Richardson  that 
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the  skin  dressed  with  the  hair  on  forms  a  clothing  so 
impervious  to  cold  that  a  person  dressed  in  a  suit  of  this 
material  and  wrapped  in  a  mantle  of  the  same,  may  safely 
pass  the  night  in  the  snow  during  ihe  intensity  of  an  arctic 
winter,  throws  light  on  the  importance  of  this  cellular  hair 
to  animals  fitted  for  living  in  cold  climates  and  at  the  same 
time  having  a  constitution  which  requires  them  to  be 
provided  with  a  very  warm  external  covering.  The  whole 
interior  of  these  cellular  hairs  is  occupied  by  air,  which,  ae 
is  well  known,  forms  the  best  possible  non-conductor  of 
heat,  and,  in  considering  their  efficiency  for  this  purpose, 
the  manner  in  which  they  are  implanted  in  the  skin  should 
be  noticed.  In  the  Musk-deer  there  appears  to  be 
absolutely  no  fine  wool  or  under-fiir  on  the  back  and  sides 
(which  were  the  only  parts  examined),  and  the  thick  cellular 
hairs  are  so  closely  set  in  the  skin  that  they  necessarily 
stand  out  from  it  like  the  spines  of  a  hedgehog,  the  conse- 
quence being  that  the  thickness  of  the  warm  covering  is  not 
much  less  than  the  entire  length  of  the  hairs ;  and  it  should 
be  further  noticed  that  their  effect  is  increased  by  the 
uniform  thidtness  which  they  preserve  for  so  great  a  pro- 
portion of  their  length,  and  also  by  the  wavy  form  aJready 
described,  which  allows  them  to  fit,  as  it  were,  to  one 
another. 

In  the  Bocbuck  there  are  a  few  slender  hairs  having  the 
ordinary  appearance  of  under-fur  scattered  among  the  large, 
rigid,  cellular  hairs  which  are  seen  standing  out  like  quiUs ; 
these  latter  are  of  the  same  length  as  in  the  Musk,  though 
not  quite  so  thick,  but  they  are  still  so  closely  set  in  the 
skin  that  they  form  a  warm  covering  on  the  same  principle. 
In  the  true  Deer  which  have  been  found  to  possess  these 
wavy  cellular  hairs  the  perfect  development,  as  seen  in  the 
Musk,  is  further  departed  from,  and  they  become  longer  in 
proportion  to  their  thickness,  wiry,  and  more  scattered,  and 
at  the  same  time  mixed  with  a  greater  quantity  of  under-ibr. 
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The  President  stated  that,  in  addition  to  the  Foraminifera 
found  in  Dogs  Bay  Sand,  he  had  noticed  the  following 
objects : 

Seeds. 

Parts  of  Insects. 

Echini  spines,  disks,  pedecellari»  and  shell. 

Portions  of  Zoophytes. 

Opaque  and  transparent  globes  not  yet  identified. 

Mr.  SiDEBOTHAM  exhibited  fossils  from  the  plateau  of  the 
Great  P3rramid,  among  them  a  very  perfect  Echinus. 

Dr.  Alcock  exhibited  a  number  of  bones  from  a  cave  in 
North  Wales,  which,  on  examination,  he  had  identified  as 
belonging  to  the  common  frog. 

A  Letter  was  read  from  Mr.  Hepworth,  accompanying 
lithographs  of  the  magnified  Male  Itch  Insects  and  Cancer 
Cells,  for  distribution  among  the  members,  and  the  thanks 
of  the  meeting  were  accorded  to  him. 


Annual  Meeting,  May  6th,  1867. 

The  Annual  Report  having  been  read  by  the  Secretary, 
was  unanimously  adopted,  and  ordered  to  be  printed  in  the 
usual  form  and  circulated  among  the  members. 

The  following  Officers  were  elected  for  the  ensuing 
Session : — 

JOHN  B.  DANCER,  F.R.A.S. 
Fut=^rt8(lrcnts  : 
ARTHUR  G.  LATHAM. 
JOSEPH  SIDEBOTHAM. 
JOSEPH  BAXENDELL,  F.R.AJ3. 

Stcrctarits : 
HENRY  ALEXANDER  HURST. 
THOMAS  ALOOOE,  MJ>. 
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^rtasnrer : 
JAMBS  G.  LYNDE,  F.G.S.,  F.R.M.8.,  M.In8t.C.B. 

<M  t^e  O^onncil : 

W.  C.  WILLIAMSON,  F.R.A.8. 

JOHN  WATSON. 

ALFBED  BBOTHBBS,  F.B.A^. 

SAMUBL  COTTAM. 

OHABLES  BAILEY. 

THOMAS  NBVILL. 

E.  W.  BINNBY,  F.R.S.,  F.a.S. 

THOBIAS  OOWABD. 

The  Rev.  J.  E.  Vize  read  a  paper  "  On  Testacella." 
He  described  the  general  appearance  of  this  slug,  and 
gave  an  account  of  its  habits  as  he  had  observed  them  in 
the  neighbourhood  of  Trowbridge,  where  it  is  common. 
He  also  exhibited  several  mounted  tongues  of  Testacella, 
and  pointed  out  the  peculiar  characters  of  the  teetL 


July  18th,  1867. 

J.  B.  Dancer,  F.R A.S.,  President  of  the  Section,  in  the 

Chair. 

"  Some  Further  Observations  on  the  Cause  of  Rotation  in 
the  Cells  of  Vallisneria,'  by  James  G.  Lynde,  F.O.S., 
F.RKS. 

In  a  paper  read  by  me  at  a  meeting  of  the  Section  on  the 
16th  February,  1863,  "  On  the  Action  of  Magenta  Dye  upon 
Vegetable  Tissue,"  I  described  a  series  of  experiments  upon 
cuttings  of  Vallisneria,  made  chiefly  with  a  view  to  ascer- 
tain, if  possible,  the  cause  of  the  rotation  of  the  chlorophyl 
vescicles  within  the  cells. 

I  then  concluded  that  the  rotation  was  due  to  the  action 
of  dlia  on  the  inner  surfieuse  of  the  cell  wall,  and  was  con- 
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firmed  in  this  opinion  not  only  by  the  appearance  of  the 
luminous  stratum  or  so-called  ciliary  wave  which  had  been 
observed  by  Dr.  Branson,  Mr.  Wenham,  and  others,  but  also 
by  the  appearance  on  the  cell  walls  of  certain  markings 
revealed  by  the  action  of  the  dye  on  the  suspension  of  the 
vital  action. 

The  above  experiment  was  exhibited  to  the  Section,  and 
many  of  the  members  present  attributed  these  markings,  as 
I  had  done,  to  the  presence  of  cilia. 

I  have  since,  from  time  to  time,  pursued  my  experiments 
on  the  subject  in  the  hope  that  I  might  be  able  to  adduce 
more  positive  evidence  as  to  the  cause  of  the  wave  of  light 
on  the  interior  of  the  cell  walL 

After  many  fruitless  experiments  I  at  length  determined 
to  try  the  effect  of  polarized  light,  and  on  the  application  of 
it  with  a  ith-inch  objective,  having  an  aperture  of  130°  to 
162"",  and  so  arranging  Darker's  series  of  selenite  plates  as 
to  give  a  dark  blue  ground,  there  appeared  over  the  surface 
of  all  the  cells  brilliant  gold-coloured  scintillations  which  had 
all  the  appearance  of  cilia  in  motion. 

The  portion  of  leaf  under  examination  exhibited  very 
sluggish  circulation,  and  was  therefore  in  a  very  favourable 
state  for  the  observation. 

I  have  since  repeated  the  experiment  several  times,  and 
have  never  failed  witnessing  the  same  appearance. 

Notwithstanding  all  that  I  have  seen  I  cannot  say  that  I 
am  convinced  the  appearances  can  be  attributed  to  nothing 
else  but  cilia;  it  is  possible  they  may  be  due  to  the  pre- 
sence of  active  corpuscles,  as  suggested  by  Mr.  Wenham  in 
his  paper  on  the  leaf  oells  of  ^  Anacharis  alsinastrum  pub- 
lished in  the  Microscopical  Journal  for  1855,  which  cor- 
puscles may  be  Vibrionia  or  Zooglsea,  described  by  Dr. 
Cohn  in  his  "  Researches  on  the  Development  of  the  Micro- 
scopic AlgsB  and  Fungi,"  as  representing  the  developmental 
condition  of  a  plant,  but  it  is  only  by  further  research  that 
this  point  can  be  definitely  settled. 
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The  result  of  my  observations  so  far  appears  to  be  that  in 
addition  to  the  wave  of  light  already  seen,  the  sepaxate 
objects  causing  that  wave  may  now  be  observed  in  the 
manner  I  describe;  what  these  objects  are  is  still  a  matter 
to  be  determined,  but  at  present  I  am  inclined  to  believe 
them  to  be  cilia  on  the  cell  wall,  while  at  the  same  time 
there  are  also  independent  moving  corpuscles  within  the 
cell;  some  of  these  bodies  have  the  appearance  of  crystals, 
and  in  one  specimen  I  observed  a  great  number  of  starch 
granules  in  the  cells. 

In  investigating  this  subject  the  smallest  step  in  advance 
cannot  but  be  deemed  of  importance,  and  I  trust  that  in 
giving  the  results  of  my  observations  as  they  occur,  I  may 
be  the  means  of  saving  time  and  trouble  to  others  who  may 
be  investigating  the  same  class  of  objects  and  of  inducing 
them  to  follow  up  so  interesting  a  subject,  as  it  is  only  by 
many  and  independent  observations  the  truth  can  be  ascer- 
tained. 

For  the  information  of  members  I  may  state  in  detail  the 
method  of  observation  I  have  found  most  successful. 

The  microscope  I  made  use  of  is  one  of  Smith  and  Beck  s 
largest  sized  binocular,  with  one  of  Beck's  most  recent  ith- 
inch  objectives. 

The  iQumination  was  by  means  of  an  Argand  gas  burner, 
the  light  passing  into  a  right-angled  prism  below  the  stage 
in  a  line  with  the  axis  of  the  object  glass. 

Immediately  beneath  the  stage  was  the  achromatic  con- 
denser, used  both  with  and  without  the  central  stop  in  the 
diaphragm,  the  object  being  seen  equally  well  in  both  ways 
with  different  effects  of  light. 

Below  the  achromatic  condenser  was  fixed  Barker's  series 
of  selenites,  and  below  this  the  polarizing  prism,  the  analy- 
sing prism  being  inserted  immediately  above  the  objective. 

I  made  use  of  the  low  Huyghenian  eye-pieces,  and  used 
the  microscope  either  as  a  binocular  or  single  tube,  the  field 
being  well  illuminated  in  each  case. 
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I  need  not  add  that  the  most  careful  eenteiing  and  adjust- 
ment are  essential 

In  preparing  the  object  I  made  a  section  of  a  small  por- 
tion of  the  leaf  laid  on  a  piece  of  cork  in  water  under  a 
simple  microscope,  separating  only  one  layer  of  cells ;  I  laid 
this  on  a  slip  made  of  thin  covering  glass,  and  over  it 
applied  a  thin  glass  cover,  a  small  feeding  bottle  and  thread 
being  made  use  of  to  prevent  the  object  being  dried  by 
evaporation. 

I  then  covered  the  stage  and  object  with  a  piece  of  black 
velvet,  to  prevent  interference  from  other  lights  in  the 
room. 

Mr.  SiDEBOTHAM  reported  the  plentiful  occurrence,  in 
June,  of  Thlaspi  arvense,  L.,  on  the  borders  of  Carrington 
Moss.  It  has  very  rarely  been  noticed  in  the  neighbour- 
hood of  Manchester. 


ON   THE  ABSORPTION   OF  GASES  BY  CHARCOAL. 

The  following  Letter  from  Dr.  R  Angus  Smith,  F.RS., 
to  Dr.  J.  P.  Joule,  F.R.S.,  was  received  by  the  Editor,  June 
20th,  1867. 

Manchester,  June  17th,  1867. 
My  Dear  Joule, 

You  asked  me  about  my  experiments  on  the  absorp- 
tion of  gases  by  charcoal  I  certainly  seem  to  delay  them, 
but  I  have  little  spare  time.  In  1848  I  illustrated  the 
oxidising  power  of  porous  bodies,  referring  chiefly  to  sand. 
In  1862,  when  speaking  of  the  absorption  of  gases  by  char- 
coal, I  ventured  to  say  that  the  physical  and  chemical  action 
could  not  be  separated.  I  have  been  anxious  to  obtain 
more  direct  evidence. 
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I  had  worked  a  good  deal  with  the  mixed  gases,  but 
lately  thought  it  better  to  return  to  the  simple,  althou^ 
unwilling  to  question  results  got  by  othera  Five  of 
these  gases  have  been  tried,  and  they  are  found  to  be 
absorbed  by  charcoal  in  whole  volumes  and  not  in  fractionfi 
of  a  volume,  hydrogen  being  taken  as  one.  In  three  cases 
hydrogen,  oxygen,  and  carbonic  acid,  the  numbers  are  1, 
7*99  and  22*05  extremely  exact  volumes,  with  a  relation 
the  same  as  our  ordinary  atomic  weights.  Saussure's 
numbers  treated  thus  give  5*3  and  20,  that  for  nitrogen 
being  4*2. 

It  is  only  by  taking  the  average  of  many  experiments 
that  these  results  have  been  obtained,  but,  in  doing  so« 
every  one  has  been  added  without  selection.  The  numbers 
from  which  the  averages  are  obtained  diverge  so  much  that 
I  suppose  others  have  not  thought  of  obtaining  anything 
definite.  This  is  caused  by  the  difficulty  of  finding  perfectly 
uniform  charcoal 

I  have  not  found  the  other  numbers  to  be  the  same  as 
the  equivalent,  although  still  whole.  Equivalents  promise 
here  to  enlarge  their  bounds.  I  cannot  believe  that  these 
numbers  can  be  the  results  of  any  accident  They  must  be 
distinguished  from  chemical  equivalents  by  weight. 

I  am, 

Yours  sincerely, 

R  Angus  Smith. 
J.  P.  Joule,  Esq.,  L.L.D.,  F.RS.,  &c. 
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Ordinary  Meeting,  October  1st,  1867. 
Edwabd  Schunck,  Ph.D.,  F.RS,  &c.,  President,  in  the  Chair. 

Mr.  E.  W.  BiNNET,  RRS.,  &a,  said  that  in  the  Dwndee 
Advertiser  of  the  12th  ultimo  areport  is  given  of  someremarks 
on  Calamiitece  and  fossil  Eqm&ltacecB,  by  Mr.  William  Car- 
ruthers,  of  the  British  Museum,  who  stated  "that  the  most 
important  characters  were  obtained  by  botanists  from  the 
fructifications,  and  the  author  had  obtained,  through  the 
kindness  of  Dr.  Hooker,  sections  of  vegetable  structures 
prepared  by  Mr.  Binney,  whose  extensive  acquaintance  with 
coal  plants  was  well  known.  He  had  discovered  in  some  of 
the  fruits  which  belonged  to  Calamdtea  so  beautifully  pre- 
served that  the  most  minute  details  could  be  determined 
with  the  help  of  his  diagrams  in  the  various  points  in  which 
they  agreed  from  the  fruits  of  the  recent  Eqwiaitacece." 

Now  some  twelve  years  since  the  specimens  said  to  be 
"  prepared"  by  him  (Mr.  Binney)  were  discovered  and  imme- 
diately slided,  polished,  and  sent  up  to  London  to  a  most  emi- 
nent scientific  mto,  who  had  agreed  to  join  him  (Mr.  Binney) 
in  publishing  a  description  of  them,  and  whose  name  it  was 
not  then  necessary  to  give.  With  the  specimens  sent  up 
was  written,  29th  November,  1864,  as  follows :  "  You  will 
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be  delighted  to  find  such  beautiful  sections  of  Volhnuinnia 
in  the  large  slide  I  now  send.  They  are  well  worth  the 
trouble  and  expense  of  the  slide.  These  doubtless  belong 
to  CaZa/ndtes"  When  he  saw  the  same  gentleman  in  Lon- 
don soon  after  he  pointed  out  to  him.  under  the  microscope 
the  small  spore-like  bodies  in  the  Sporangia. 

At  that  time  the  whole  of  the  structure  of  Calamodendron 
had  been  made  out  with  the  exception  of  the  centre  of  the 
stem  and  the  connection  of  Volhrrmnnia  with  it.      The 
valuable  papers  of  Dr.  Ludwig  on  Calcmiite  frxdts,  and  Dr. 
Qeoppert  on  Aphyllostachys  afforded  him  much  information, 
but  he  obtailxed  the  evidence  of  Volhmannia  being  the  fruit 
of  Cala/modeTidron  from  the  similarity  in  structure  of  the 
central  axes.    About  two  years  since  he  cleared  up  botii 
the  above  points  to  his  satisfaction,  and  then  immediately 
wrote  to  the  gentleiiian  to  whom  he  had  sent  his  specimens 
and  urged  upon  him  the  necessity  of  their  immediately 
-publidhing.    The  latter  replied  that  his  engagements  would 
hot  allow  him  to  join,  he  having  a  short  time  previously 
returned  tJie  specimens  which  had  been  so  long  in  his  pos- 
session.   'He  (Mr.  Binney)  then,  unaided,  lost  no  time  in 
commencing  to  write  a  description  of  his  specimens,  which 
is  nb-W"  in  the  ptess  and  intended  to  be  shortly  published  by 
the  Palseontographical  Society.    Some  of  the  plates  were 
engraved  a  year  ago,  and  nearly  all  of  them  were  in  the 
engraver's  hands  and  would  have  been  done  had  the  author's 
health  allriwed     A  few  months  since  he  thought  the  paper 
would  be  published  in  October,  but  owing  to  delajrs  over 
%hich  he  had  no  control  such  has  not  been  the  case.     All 
he  asks  is  for  the  public  to  give  him  credit  or  discredit,  as 
tnay  be,  for  toy  discoveries  he  may  make,  as  well  as  to  ihe 
parties  who  have,  without  his  consent,  obtained  possession 
of  his  specimens,  even  although  the  latter  may  anticipate 
liim  in  publishing  a  few  weeks.     No  doubt  the  observations 
ite  independent  of  ^weh  other— ^m^ty  differ  in  sttae  respects 


— and  his  may  be  less  valuable  than  those  of  Mr.  Oarru- 
thers ;  still  it  is  not  unreasonable  that  he  should  wish  to  be 
considered  as  an  original  investigator  rather  than  a  pr^)arer 
of  specimens  for  other  people. 


Dr.  Crompton,  alluding  to  the  paper  he  read  in  October, 
1866,  "On  the  Portraits  of  Sir  Isaac  Newton,"  said,  that 
while  preparing  his  essay  for  publication  in  the  Memoirs 
of  the  Society,  he  had  opened  up  fresh  sources  of  information, 
and  become  possessed  of  facts  of  considerable  interest 
respecting  the  portraits  of  Newton.  He  had  examined 
about  twenty  portraits  of  the  great  philosopher,  all  of  which 
were  considered  to  be  originals,  and  most  of  which  were 
undoubtedly  painted  a  long  time  ago ;  but  he  had  seen  no 
portrait  which,  in  his  opinion,  was  of  equal  importance  and 
interest  with  the  Kneller  Newton  of  1689,  to  which  he  last 
year  directed  the  attention  of  the  Society,  as  by  far  the  most 
valuable  portrait  of  the  great  philosopher  in  existence,  and 
of  which  he  exhibited  an  admirable  engraving  by  Mr.  Oldham 
Barlow.  His  extended  inquiries  into  the  subject  of  the 
portraits  of  Newton  had  led  him  to  the  conclusion  that  there 
are  several  (if  not  many)  which  pass  current  as  portraits  of 
him  which  are  most  decidedly  representations  of  other 
persons.  In  the  National  Portrait  Exhibition  at  Kensington 
of  the  present  year  there  were  four  portraits  of  Newton,  two 
of  which  he  feels  sure  have  no  real  claim  to  be  regarded  as 
authentic  or  genuine.  These  two  are  pictures  contributed 
by  the  Earl  of  Dartrey  and  by  the  Marquis  of  Exeter.  The 
former  purports  to  be  a  portrait  of  Newton  when  he  was  a 
Bachelor  of  Arts,  and  to  be  painted  by  Lely.  It  represents 
a  young  man  with  his  hand  resting  on  a  globe ;  and  tl\ere 
is  an  engraving  of  the  picture,  done  many  years  back,  but 
he  had  no  hesitation  in  saying  that  the  picture  had  no  right 
to  be  considered  a  portrait  of  Newton.    The  features  were 


not  Newton's^  and  it  was  most  improbable  that  the  poor 
Trinity  College  Sizar  would,  when  a  Bachelor  of  Arts  (that  is, 
between  January,  1665,  and  July  7, 1668)  have  cared,  or,  if  he 
had  cared,  could  have  had  the  means  to  obtain  a  portrait  of 
himself  He  apprehended  that  because  the  portrait  repre- 
sented a  young  man  with  his  hand  on  a  globe,  some  imagina- 
tive person  had  supposed  that  it  must  be  a  representation  of 
the  great  philosopher  who  had  explained  the  system  of  ihe 
universe.  But  this  portrait  represents  one  of  the  poorest 
specimens  of  humanity;  and  certainly  not  a  Newton,  but 
rather  a  Simple  Simon.  The  Marquis  of  Exeter's  picture 
has  hardly  any  greater  claim  to  be  regarded  as  a  Newton. 
It  represents  a  man  with  a  bald  head,  but  we  have  the 
clearest  evidence  that  Newton  was  not  bald.*  The  two 
Vanderbank  portraits  representing  him  the  year  before  his 
death  without  his  wig,  show  that  he  had  a  beautiful  head  of 
silver  white  hair.  There  is  another  portrait  of  Newton 
by  Thomhill,  taken  at  an  earlier  period,  which  represents 
bim  without  his  wig,  but  with  short  white  hair  and  no  trace 
of  baldness.  The  Portsmouth  Kjieller  of  1689,  which  repre- 
sents him  when  he  was  47  years  old,  shows  him  without  a 
wig  and  with  abundant  grey  hair.  This  is  a  sufficient 
ground  for  rejecting  this  picture ;  but  no  one  who  has  studied 
the  portraits  of  Newton  could  be  brought  to  believe  that 
this  is  a  representation  of  the  great  philosopher.  Last  year 
when  reading  his  paper,  Dr.  Crompton  remarked  that  he 
had  been  unable  to  discover  where  the  original  Kneller  of 
Newton,  engraved  by  Houbraken,  was  to  be  foimd.  He  then 
pointed  out  that  in  some  impressions  of  the  Houbraken 
print  it  was  stated  to  be  in  the  possession  of  Mr.  Conduit. 
Dr.  Crompton  went  to  the  £axl  of  Portsmouth's  seat  at 

*  Mr.  Conduit,  Newton*!  nephew  by  marriage,  when  desoribing  Newton's 
personal  appearance,  sajs,  "  With  a  fine  head  of  hair  as  white  as  silyer,  with- 
out any  baldness,  and  when  his  peruke  was  off,  was  a  yenerable  si^it.** — 
Brewster^s  L^e  of  Newton,  1855,  toI.  ii.,  p.  413. 


Hurstboume  Park,  and  there  found  the  original  picture. 
It  is  dated  1702  and  signed  by  Kneller.  The  Earl  of 
Portsmouth,  Newton's  collateral  descendent,  therefore  pos- 
sesses the  two  most  important  portraits  of  Newton.  This 
portrait  of  Newton  was  engraved  also  by  Smith,  about 
1712.  A  replica,  if  not  an  early  copy,  without  any  name  of 
an  artist  upon  it,  is  in  possession  of  the  Duke  of  Devonshire 
at  Holkar.  His  Grace  informs  me  that  he  cannot  positively 
trace  its  coming  into  the  possession  of  his  family,  but  he 
conjectures  that  it  may  have  been  at  Holker  before  the 
marriage  of  one  of  the  Lowthers  with  Lady  Mary  Cavendish, 
through  whom  this  Holker  property  passed  to  the  Caven- 
dishes. There  is  an  exact  replica  or  early  copy  of  the 
Portsmouth  Kneller  of  1689  at  Lord  Galway's,  except  in  not 
having  the  name  of  Newton  or  of  Kneller  upon  it,  which 
Dr.  Crompton  has  examined,  and  which,  in  an  old  catalogue 
of  the  pictures,  is  said  to  be  painted  by  Bond.  Dr.  Crompton 
said  that  he  had  examined  the  three  oil  paintings  of  Newton 
in  the  Royal  Society's  collection;  also  the  Kneller  at 
Hampton  Court,  which  is  dated  1689,  and  diflfers  from  the 
Portsmouth  Kjieller  of  1689  only  in  the  position  of  the 
hands ;  also  aU  the  portraits  of  Newton  belonging  to  Trinity 
College,  Cambridge ;  the  Indian  ink  drawing  of  Newton  in 
the  Pepysian  Library  at  Magdalen  College;  and  a  portrait 
at  Mrs.  Miles',  at  Firbeck  Hall,  Yorkshire,  which  resembles 
very  much  the  Egremont  Newton  by  Kneller,  engraved  as 
a  frontispiece  to  Sir  David  Brewster's  first  Life  of  Newton, 
published  in  the  Family  Library.  Dr.  Crompton  exhibited 
this  edition  of  Brewster's  life,  as  well  as  the  larger  one  in 
two  vola  In  the  text  of  both  the  engravings,  which  differ 
very  greatly  from  each  other,  are  said  to  be  from  a  picture 
in  the  possession  of  Lord  lEgremont.  Sir  David  Brewster  is 
unable  to  explain  how  it  is  that  two  engravings  from  distinct 
and  different  portraits  should  thus  happen  to  be  spoken  of 
in  the  text,  except  that  his  publisher  must  have  selected  the 


second  portrait  and  got  it  engmred.  It  ia^  I  tiuxik,  tuudB- 
takeably  taken  from  Smith's  print  of  1712  or  an  earij 
impression  of  Houbrakrai's  engraving.  The  portrait  prefix^ 
to  the  small  Life  of  Newton  is  the  same  as  thab  engraved  in 
Lodge's  portraits.  At  present  Dr.  OQmpt<Hi  is  nnaoquainted 
wiih.  the  hratorical  evidence  residing  the  genuineness  of 
this  podTBAi  It  is  signed  by  Eneller  and  dated  1716 ;  bat 
Dr.  Orompton  has  not  yet  seen  it,  nor  one  in  the  possession 
of  Mr.  Tttmer,  of  Stoke  Ashford,  near  Ghrantham. 

In  Lord  Portsmouth's  coUeotio(n  at  Hurstboume,  besides 
three  genuine  and  authentic  portraits  of  Newton,  th»?e  is  a 
fourth  picture  with  the  name  of  Newton  paintted  upon  it 
It  was  described  to  Dr.  Crorapton  by  a  genlieman  who  had 
had  an  opportunity  of  a  very  dose  examination  of  it,  as  ihe 
earliest  and  most  important  portrait  of  the  great  philosophy. 
But  Dr.  Crompton  found  neither  date  nor  artist's  name  upon 
it,  and  the  picture,  which  is  mounted  upon  panel,  has  a  crest 
in  red  wax  behind  it,  which  is  not  the  crest  of  the  Ports- 
mouth femily,  but  could  not  be  suflB^ciently  determined,  what 
it  was  for  want  of  a  magnifying  glass.  The  history  of  tiiis 
picture  will  be  investigated  further;  tiiough  it  is  certain 
that  it  cannot  be  a  portrait  of  Newton,  for  the  features  are 
not  his,  and  the  eyes  are  brown,  while  Newton's  were  bluish 
grey.  It  is  most  earnestly  to  be  desired  that  all  the  portraits 
of  Newton  might  be  collected  together  at  Kensington  next 
year  for  comparison  with  each  other,  and  that  the  portraits 
of  other  great  men  (where  there  are  several)  shoidd  be  thus 
eriiibited  in  juxtaposition.  It  would  probably  then  be 
evident  that  there  exist  many  spurious  ones,  and  an  oppor- 
tunity would  be  thus  afforded  of  detenmning  which  are  the 
best  as  wdlas  the  true. 


Mr.  R  D.  DARBiaHlEE,  F.G.S.,  referred  to  a  paper  "  On 
the  Existence  of  a  Seabeach  on  the  Limestone  Moors  near 
Buxton"  {Trams.  Manohegter  Geol  Soc,  V.,  p.  273),  in  which 
Mr.  John  Plant,  F.Q.S.,  had  described  as  sea  beach  the  sur- 
fietce  of  the  limestone  rock  as  l^e  same  is  seen  when  bared  of 
sward  and  surface  day  above  the  quarries  on  Grin  £dge  and 
Harper  Hill,  south-west  of  Buxton,  and  to  Mr.  Plant's  con- 
jecture that  tins  worn  air&ce  profoaUy  extended  nearly  to 
the  crown  of  the  hills. 

His  own  observation  had  marked  on  each  hill,  above  the 
stratum  whose  upper  surface  exhibited  those  indications 
of  wear,  a  stratum  of  somewhat  different  texture  still  sub- 
sisting in  the  shape  of  a  slight  vertical  diff  or  reef  This 
bed  had  not  worn  in  the  same  manner  as  the  "  beach,''  that  is 
to  say,  with  many  interlacing  fissures  leaving  a  close  chevaux 
defrize  of  limestone  points,  but  rather  in  great  blocks  with 
round,  curved  edges  or  holes. 

In  connection  with  this  bed  Mr.  Barbishire  had  obtained 
specimens  from  each  hill  exhibiting  what  he  believed  to 
be  the  remains  of  the  burrows  of  Pholas  shells. 

On  the  top  level  of  Grin  Edge,  close  to  the  ruins  of  the 
tower,  one  stone  had  a  group  of  seven  holes.  They  were 
placed  like  Pholas  holes  as  he  had  collected  them  on  Great 
Orme's  Head;  and,  though  the  surface  of  the  stone  about 
them  was  much  worn,  taken  along  with  the  specimen  next 
described,  it  seemed  more  fitting  to  ascribe  to  them  a  simi- 
lar origin  than  to  attribute  tiiem  to  the  natural  wear  of  the 
stone,  notwithstanding  the  variety  and  singularity  of  many 
of  the  forms  in  which  atmospheric  or  aqueous  corrosion 
affect  the  limestone  rock. 

This  stone  lay  amongst  a  heap  of  others  near  the  ruins  of 

the  tower,  and  had  doubtless  been  brought  up  a  few  feet 

The  height  above  the  sea  of  the  tower  is  stated  on  the 

Ordnance  Map  as  1,435  feet. 

On  Harper  Hill,  in  two  large  blocks  of  the  overlying 


staratum,  he  had  detected  more  chaiacteristic  holes.  Both 
blocks  were  lying  in  the  sward  above  the  "beach"  snrfaoe, 
and  were  a  few  feet  below  the  rock  m  situ,  from  which  they 
had  evidently  been  detached.  Of  the  first  of  these  sped' 
mens  he  exhibited  a  photograph.  It  showed  in  the  nnder 
side  of  the  edge  of  a  projecting  ledge  or  table  of  stone 
six  well  marked  holes  from  |in«  to  lin.  in  diameter,  and  one 
an  inch  deep,  and  traces  of  two  others.  The  holes  w»« 
grouped  just  as  Pholas  holes  nsoaUy  are>  and  i^parentiy 
vrere  quite  independent  of  the  stmctoial  fissures  of  the 
stone. 

According  to  measurement  with  an  aneroid  barom^)er,  the 
stone  in  which  those  holes  occurred  was  about  1,380,  and 
the  reef  from  which  it  had  fisdlen  about  1^400  feet  in  eleva- 
tion. 

I£  the  holes  were  really  Pholas  burrows,  they  would  indi- 
cate the  elevation  of  these  hills  since  the  period  of  glacial 
action  by  sea  or  land. 

Mr.  BiNNEY  F.RS.,  F.Q.S.,  remarked  on  the  great  eleva- 
tion of  these  remains  if  the  observations  were  accurate,  and 
observed  that  they  were  on  the  west  side  of  the  hills.  Mr. 
Frestwich  had  discovered  shells  in  shingle  on  the  westerli 
slopes  of  the  Axe-edge  hills  towards  Macclesfield,  at  the 
height  of  1,150  feet  He  would  like  to  hear  of  observations 
on  the  eastern  side  of  the  Derbyshire  hills  if  any  traces  of 
marine  action  were  to  be  discovered  there. 

Mr.  Dabbishibe  had  not  the  specimens  at  hand,  but 
would  produce  them,  in  connection  with  a  series  of  similar 
remains  from  Orme's  Head,  to  which  he  proposed  to  caQ  the 
attention  of  the  Society  at  an  early  meeting. 


Ordinary  Meeting,  October  15th»  1867. 

J.  P.  Joule,  LL.D.,  F.RS.,  &a,  Vice-President,  in  the 
Chair. 

Among  the  donations  announced  was  a  photograph  of 
the  memorial  recently  erected  in  the  Salford  Cemetery  to 
the  memory  of  the  late  Mr.  John  Parry,  presented  by  Mr. 
Cottam. 

The  thanks  of  the  Society  were  voted  to  Mr.  Cottam  for 
his  donation. 

"Note  on  the  Occurrence  of  Sulphocyanide  of  Ammo- 
nium in  Gas  Mains,"  by  Peter  Hart,  Esq. 

A  few  months  ago  while  some  gas  mains  in  the  street 
were  being  replaced,  I  was  induced  to  examine  the  scale 
which  forms  in  the  interior,  being  under  the  impression  that 
probably  I  shoidd  find  sulphide  of  iron  the  result  of  loDg- 
continued  action  of  sulphide  of  hydrogen  on  the  iron.  On 
placing  a  portion  of  this  scale  in  pure  hydrochloric  acid  I 
perceived  an  intense  reddening,  much  more  than  would  be 
accounted  for  by  the  simple  solution  of  peroxide  of  iron, 
and  being  aware  of  the  fact  of  sulphocyanogen  being  one  of 
the  products  of  the  distillation  of  coal,  I  at  once  suspected 
its  presence.  A  portion  of  these  scales  were  boiled  in  water. 
The  clear  filtrate  fix>m  this  gave  ofi*  much  ammonia  on  the 
addition  of  alkali,  and  on  the  addition  of  a  dilute  solution 
of  perchloride  of  iron  it  gave  at  once  the  intense  coloration 
so  characteristic  of  the  sulphocyanides.  The  insoluble  por- 
tion remaining  on  the  filter  was  then  boiled  in  dilute  caustic 
Pbocbh)ih€hi— Lit.  A  Phil.  Sooewt— Vol.  VII.— No.  2.— Sbwiok,  1867-8. 
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soda ;  the  filtrate  from  this  made  acid,  and  a  solution  of 
ferric  oxide  again  added,  this  time  with  the  production  of  a 
blue  precipitate  indicative  of  a  ferrocyanide.  This  must 
have  existed  as  ferrocyanide  of  iron,  which  on  boiling 
with  the  alkali  became  oxide  of  iron  and  ferrocyanide  of 
sodium.  TJiere  appears  to  ine  something  furious  in  the  fact 
of  these  bodies  being  carried  such  a  distance  (in  this  case 
fully  a  mile  from  the  gas  works)  by  the  gaseous  current.  I 
shoidd  think  the  ferrocyanogen  is  the  restdt  of  a  reaction 
between  the  sulphocyanogen  and  the  metallic  or  oxide  of 
iron.  The  amount  of  these  bodies  must,  I  think,  be  far 
too  small  to  have  any  bad  effect  on  the  health  of  gas  con- 
sumers. 
.'i '      '^ 

"  Jupiter  as  ol?served  at  Ardwick  on  the  night  of  August 
21st,  1867,"  by  J.  B.  Dancer,  F.RA.S. 

The  somewhat  rare  phenomenon  of  Jupiter  without  a 
visible  satellite  extraneous  to  his  disc  (as  the  Rev.  W.  R 
Dawes  has  correctly  designated  it)  has  been  described  in 
the  Astronomical  Register,  I  am  not  aware,  however,  that 
any  notice  of  it  has  appeared  before  this  Society,  and  as  few 
observers  appear  to  have  enjoyed  such  favourable  atmo- 
spherical conditions  as  we  did  in  this  locality,  I  am  induced 
to  offer  a  few  remarks  on  the  appearance  which  Jupiter 
presented  on  the  night  of  August  the  21st. 

During  the  early  part  of  the  evening  the  S.  and  S.K 
portions  of  the  heavens  were  covered  with  thick  haze ;  be- 
tween 8  and  9  o'clock  this  gradually  disappeared,  and  the 
atmosphere  became  clear  and  unusually  favourable  for  astro- 
nomical observations.  Preparations  had  been  made  for 
noting  the  times  of  the  phenomena,  but  from  various  circum- 
stances this  was  abandoned.  The  observations  were  made 
with  an  achromatic  telescope  of  7^  feet  focus  and  6J  inches 
dear  aperture.  Powers  employed,  90,  175,  and  300.  At 
9  o'clock  Jupiter    was    clearly  defined  and  presented  a 
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remarkable  appearance.  On  the  broad  south  belt  three  spota 
were  distinctly  visible,  and  at  the  same  time  three  sateUites 
appeared  off  the  disc.  The  first  spot  in  the  order  of  transit 
was  Very  black — this  was  the  shadow  of  the  third  satellite. 
The  ne2;t  spot  wsus  brown  in  colour  when  contrasted  with 
the  belt — this  was  the  third  satellite;  a^d  the  thkd  spot^ 
which  was  the  shadow  of  the  fourth  satellite^  was  veiry  daik 
and  well  defined.  At  this  time  the  fourth  sateUite^appeatred 
very  faint  in  con^iariflon  with  the  first  satellitoi  which  was 
just  below  it.  The  second  satellite,  which  was  (m.  the'  we9t 
edge  of  the  planet,  was  soon  eoMpsed^  and  attentiim  was 
entirely  directed  to  the  fourth  satellite^  which  waa  tiia  next 
to  transit.  A&  this  satellite  entered  on  the  disc  it  was 
visibly  brighter  than  the  planet;  after  a  short  time  it  dis^ 
appeared,  and  then,  to  my  surjnise,  it  became  visible  flgain 
as  a  dark  spot,  and  at  intervals  it  wa&  a»  bkak  as  ita  own 
shadow.  The  alteration  in  the  colour  of  this  satellite'  dumng 
its  transit  has  been  notioed  by  several  obsewerfi,  b«i4  I  wai^ 
not  prepared  for  such  a  complete  ch%a^  from  a»  Wlgbi 
olqect  to  one  as  black  afanost  at  times  as  an  i^k  wp^^ 
During  these  observations  the  fii»t  si^lUtfd  had*  ei^rad  on 
the  disc  of  .the  planet,  and  when  it  was  about  hadf  its  dia- 
meter on  the  planet  it  appeared  to  me  to  be  in  contact  with^ 
its  own  shadow.  After  a  short  time  I  could  only  distinguish 
the  first  satellite  at  intervals,  closely  following  its  own 
shadow.  Before  the  third  satellite  passed  off  the  disc  it 
became  nearly  invisible,  and  when  close  to  the  edge  of  the 
disc  it  appeared-  brighter  than  the  surface  of  tKe  planet. 
The  fourth  satellite  was  not  observed  at  the  end  of  its 
transit. 

Mr.  Robert  Worthington,  F.R.A.S:,  observed  some  of  the 
phenomena  with  me,  and  remarked  at  the  time  that  he  did 
not  recollect  having  seen  Jupiter  so  sharply  defined  as  on 
that  erening.  The  bays  and  various  markings  on  the  belts 
were  most  beautifully  distinct. 
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"Notes  on  some  Superficial  Deposits  at  Great  Onne's 
Head,  and  the  Period  of  its  Elevation,"  by  R  D.  Darbi- 
SHTRE,  B.A.,  F.G.S. 

After  referring  to  Professor  Bamsay's  exposition  of  suc- 
cessive glacial  periods  in  North  Wales  and  its  elevation; 
{Quarterly  Journal  Oeol  Soc.  viiL,  and  Old  Oladers  of 
Switzerla/nd  and  N.  Wales,  1860)  to  a  paper  by  Mr.  Binney, 
F.RS.,  on  "the  Drift  Deposits  found  about  Llandudno" 
(GfeoL  Soc,  Tra/ns.  Manchester,  April,  1861),  and  a  paper  by 
Mr.  Bonney  "  On  Traces  of  Glacial  Action  near  Llandudno" 
Oeol,  Magazine  iv.,  Jtdy,  1867),  the  author  shortly  described 
the  configuration  of  the  Head  and  the  Llandudno  Isthmus. 
He  supposed  the  superficial  outline  of  the  Head  to  be  due 
to  marine  denudation,  possibly  aided  at  some  early  period  by 
the  ftiction  of  floating  icebergs,  but  in  the  last  instance  and 
ever  since  its  first  emergence  to  long  continued  and  extremely 
tranquil  elevation  and  concurrent  saecular  subaerial  d^ra- 
dation  and  deposit.  The  isthmus,  he  described  as  ancient 
sea  bottom,  gradually  elevated  and  denuded  in  the  process 
by  current  or  tide  wash,  and  then  augmented  by  beach 
accumulation  and  blown  sand. 

Detailed  notes  as  to  the  superficial  formations  were  then 
read  as  follows : 

I. — Makine  Formations. 

(1)  Yellow  cherty  clay  in  Gwydfyd  Valley,  as  described 

by  Mr.  Maw,  F.G.S.,  Oeol  Mag.  ii,  1861. 

(2)  Glacial  and  boulder  clays  of  a  later  age : 

(a)  Tenacious  dark  blue  clay,  fuU  of  small  pebbles  of 

dark  slaty  rock,  at  the  foot  of  the  western  cUfi* 
of  the  isthmus  and  on  the  beach,  as  described 
by  Mr.  Bonney,  GeoL  Mag.  iv.,  p.  292. 

(b)  Close  greyish  oHve  coloured  rather  sandy  day,  with 

rounded  stones,  in  similar  situations  (possibly  a 
variation  of  (a.) 
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(c)  Chocolate  brown  clay,  with  boulders,  some  scratched 

and  occasionally  slightly  bedded,  forming  the 
general  base  of  both  eastern  and  western  cliffs 
of  the  isthmus.  Formerly  well  exposed  where 
the  new  sea  wall  and  boatstairs  are  near  Tygwyn, 
Llandudno.  At  this  spot  fragments  occurred  of 
Tellina  solidula,  Mactra  solida,  Astarte  arctica, 
Cardium  edule. 

The  same  bed  appears  at  Colwyn  ballast  cut- 
ting under  sandy  clay  and  old  beach  shingle,  with 
fragments  of  the  same  species  and  of  Saxicava. 

(d)  A  very  similar  bed  of  lighter  coloured  reddish  day 

with  rounded  and  angular  stones,  in  the  west 
cliff,  and  generally  over  the  isthmus. 
In  the  cliffs  occurred  fragments  of  Mya  trun- 

catia,  Tellina  solidula,  Mactra  ,   Cardium 

edule,  Mytilus  edulis,  and  Buccinum  imdatum. 

The  same  bed  and  like  fragments  of  shells  are 
seen  at  70^-80  feet  above  the  sea  near  the  bath 
house,  and  according  to  Mr.  Maw,  as  high  as  170 
feet  up  the  Gwydfyd  Valley. 

Mr.  Binney  had  foimd  Turritella  terebra,  and 
had  pointed  out  the  similarity  of  those  beds 
with  those  at  Blackpool  Mr.  Maw  had  identified 
the  botdder  day  also  in  a  terrace  about  170  feet 
high  on  the  south. 

The  occurrence  of  travelled  boulders  indicated 

the  former  existence  of  the  bed  at  higher  levels; 

thus  a  mass  of  greenstone  had  occurred  above 

Gwydfyd  farm  at  380  feet  elevation. 

These  botdder  clays,  the  author  supposes  to  have  been 

deposited  at  the  close  of  the  glacial  epoch,  and  to  be  the 

result  of  redistribution  of  older  beds  on  the  coast  of  a  rising 

land,  mixed  with  old  drift  and  land  drift,  swept  down  by 

the  glaciers  of  Snowdonia,  in  whose  recesses  the  astarte  and 

other  shells  occur  on  ancient  beaches. 
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I.  R-~S£A  Beach  and  Bsach  Mabes. 

{S)  Mr.  "Sinnffy  had  described  a  bed  of  shingle  at  400 
feet  in  the  valley  of  the  old  road. 

(4f)  Mr.  Boimey  had  described  as  an  indication  tha4i  the 
sttrfifcce  of  ^b»  higher  ground  hafi  in  many  cases 
been  affe^^  by  ice,  large  M9ocks  of  limestone 
scattered  about,  especially  on  tfce  north-west  of 
the  hill,  differing  fix)m  the  it>ck  on  wMch  they  lie, 
but  of  a  stone  found  m  situ  on  a  slight  eminence 
in  the  nei^bourhood, 

•  The  author  believed  these  rocks  to  have  no 
glacial  (mgin,  but  to  be  ra&ed  beach^-^e  remains 
of  the  rage  or  jday  of  waves  about  the  new-bom 
island. 

He  had  not  found  amy  boulder  of  other  stone 
than  that  of  the  hill,  and  oouM  not  indicate  any 
other  origin  for  these  elsewhere.  Puffin  Island 
and  Anglesey  to  the  west  are  much  lower,  and 
Penmaen  Bhos  to  the  east  lies  out  of  any  hitherto 
desmbed  extension  of  the  North  Wales  glacier 
system. 

(5)  The  plateaus  ftirnished  cfthe^  indications  of  sea-wear,  as 
on  many  of  them  the  limestone  stratum  is  uniformly 
denuded  of  aU  superincumbent  stone,  and  cut  and 
worn  in  fissures  and  other  forms  v^y  similar  to 
those  of  like  beds  between  tides  below.  Whether 
this  erosion  is  that  of  ancient  waves,  or  of  rain 
water,  since  elevation  the  even  stripping  of  the 
overlying  stratum  indicates  aqueous  denudation. 

A  similar  or  even  more  marine  looking  scar 
forms  the  top  of  Little  Orme's  Head. 

The  vertical  outlines  consisting,  when  not  hid- 
den by  talus,  of  alternate  cliff  and  scar,  and  the 
grand  curves  of  successive  contour  lines  of  the 
Head  ar^  thoroughly  marine. 
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Mr.  Bonney  had  noticed  the  hollows  of  wave 
wear  in  the  face  of  these  cliffs. 

These  longitudinal  caves  record  a  long  continu- 
ance of  tide  wash  on  a  stationary  cHff.  The  un- 
disturbed horizontality  of  many  of  these  wave 
marks  indicates  great  uniformity  in  the  process  of 
elevatioA. 

(6)  Distinct  traces  of  raised  beach  occurred  on  the  east 

side  of  the  Head  near  the  bath  house,  where  masses 
of  shingle  hang  cemented  to  the  face  of  the  rock 
50 — 60  feet  above  the  sea. 

(7)  On  the  boulder  clay  of  the  isthmus,  especially  deve- 

loped in  the  western  cliff,  is  a  deposit  of  varying 
thickness  of  beach  shingle,  courser  or  finer ;  seen 
also  in  foundations  in  Llandudno,  and  probably 
continuous  witH  the  present  eiasierh  beach. 

(8)  Oil  the  last  named  beds  lie^  much  blown  sand.     Mr. 

Glover  mentions  that  within  forty  or  fifty  years 
this  sand  has  converted  into  solid  ground  a  tract 
of  impassable  swamp,  and  even  overlaid  it 

(9)  XJnmistakeable  proofs  of  beach  wear  occurred  in  the 

shape  of  the  burrows  of  Pholades,  necessarily  made 
while  the  rock  was  near  if  not  below  low  water 
mark. 

These  remains  occur  at  various  heights  all  over 
the  Headi  under  certain  conditions,  of  sufficient 
consistency  of  stone  and  sufficient  shelter  from 
atmospheric  wear,  either  under  the  edges  of  tables 
of  rock,  ill  ailu  or  fallen,  or  in  rounded  beach 
stones,  on  or  in  the  sward  on  the  talus  slopes  of 
ihe  hilL  All  the  stone  in  which  holes  had  been 
observed,  had  evidently  suffered  some  superficial  • 
waste,  hence  only  the  ends  of  deeper  burrows 
remain. 
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The  following  list  is  anunged  along  a  rude  profile  of 
the  Head,  from  N.R  to  S.W. 

(1)  Two  slabs  near  the  stile  on  the  path  from  the  archeiy 
ground  to  Gwydfyd  farm.     216  feet 

(S)  In  the  cutting  over  the  yeUow  clay  at  Gwydfyd  farm 
in  a  large  loose  boulder,  three  large  and  very  per- 
fect burrows  and  part  of  a  fourth,  possibly  of 
pholas  crispata>  a  species  of  well  ascertained  qua- 
ternary occurrence.     350 — 60  feet.* 

The  same  spot  furnished  a  second  boulder  witii 
ten  holea* 

(5)  The  rugged  hillside  above,  and  to  the  west  of  the 

clay  pit,  yielded  in  the  edges  of  beds  m  situ,  well 
preserved  groups  of  holes  at  370  feet  and  435  feet, 
above  the  sea. 
(4)  The  first  rock  that  breaks  the  sward  on  the  south 
side  of  the  path,  up  to  the  old  telegraph  station, 
after  leaving  the  mine  plateau,  showed  good  holes, 
not  to  be  confounded  with  the  effect  of  atmo- 
spheric corrosion.     440 — 450  feet.* 

(6)  In  a   reef  which  breaks  the  sward  in  the  plateau 

S,  W,  of  the  telegraph  hiU,  with  worn  beach  stones, 
occurred  a  fragment  with  two  holes.     570  feet* 

(6)  On  the  exposed  reefs  towards  the  south,  the  holes  are 

not  unfrequent  On  the  2nd  or  3rd  reef,  marked 
by  a  loose  spherical  boulder  at  its  eastern  end,  a 
fallen  slab  of  very  hard  stone,  showed  27  holea 
570  feet* 

(7)  The  next  reef  yielded  good  specimens  at  540  feet,*  and 

at  520  feet* 

(8)  The  burrows  occur  in  considerable  abundance  and 

good  preservation,  at  Little  Orme's  Head,  especially 
on  the  topmost  plateau. 

^  In  these  cases  spocimens  wore  produced. 
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In  the  preservation  of  these  holes  in  loose  beach  stones, 
and  in  the  edges  of  out-cropping  layers  of  stone,  in  the  level 
sea  stripped  scars,  and  in  the  limestone  boulders  of  the 
higher  plains,  the  author  submitted  irrefiragable  proof  that 
the  surface  of  these  anciently  submarine  hills  had  not  been 
touched  by  iceberg  or  glacier  for  some  time  before  or  at 
any  time  after  they  emerged  from  the  waves. 

He  had  not  been  successful  in  characterising  any  rock 
surface  on  the  Head  pointing  as  montonn^  nor  in  finding 
the  rock  which  appeared  to  Mr.  Binney,  to  have  "  been  scored 
and  polished  probably  by  ice,"  below  the  bath  house. 

I. — C.  Old  Land. 

(9)  Between  tide  marks  at  the    western  foot   of  the 

Head  some  years  ago,  after  the  removal  of  shingle, 
a  light  blue  clay  without  stones  was  seen,  and 
traces  of  a  vegetable  deposit  of  leaves.  At  Abergele 
and  Colwyn  to  the  east,  and  under  Penmaenbach 
to  the  west  this  vegetable  bed  occurs  with  roots 
and  stems  of  forest  trees.  From  a  cutting  near 
Penmaenbach,  where  a  part  of  the  bed  appears  aa 
peat  of  very  modem  aspect,  had  been  obtained 
bones  and  a  tooth  of  an  ox,  and  a  large  horn  of 
red  deer.  A  siifiilar  horn  was  found  near  Abergele 
when  the  railway  works  were  in  progress. 

II.— SuBAERiAL  Deposits. 

(10)  On  each  side  of  the  Head  there  appears  on  the  rock 

unstratified  reddish  calcareous  clay  with  more  or 
less  frequent,  larger  or  smaller,  angular  fragments 
of  the  overhanging  rocks,  not  seldom  so  numerous 
as  to  form  a  breccia.  Here  and  there,  at  consider- 
able elevations  both  north  and  south  of  the  hill, 
Ohis  bed  yieldsrounded  and  larger  or  smaller  pebbles 
of  greenstone,  and  other  non-calcareous  rocks ;  and 
not  unfrequently  pieces  of  limestone  with  the 
softly  ciu'ved  surfaces  of  sea  wear. 


16 

{11)  On  mbst  of  the  less  elevated  or  less  steep  incliaes, 
the  fast  mentioned  deposit  is  overlaid  by,  and  passes 
npT^^ards  into  a  veiy  similar  layer,  distinguishable 
by  a  darker  eolbur,  and  more  earthy  consistency, 
and  containing  Uke  an^lar  sea  and  worn  fragm^its. 
In  this  bed,  the  flatter  fragments  of  stone  are 
noticeably  disposed  in  planes  parallel  to  the  slope 
of  the  sward.  It  is  this  last-named  bed  which 
Mr.  Binney  traced  as  blackish  brown  clay,  with 
angular  fragments  up  to  262  feet  above  the  sea. 

The  position  of  these  two  beds  of  clay  at  the 
tooi  ot  sea  worn  clifts,  the  almost  total  absence  of 
rolled  stones,  the  ehtSre  want  of  tidal  or  current 
assortment  of  niaterKll,  and  on  thie  other  hahd  the 
predominance  of  sharp  angalfer  ^nies,  their  pro- 
miscuous flfpgregatidn,  and  the  sMgfat  beddiSig  along 
the  surface  line  maik!  them  as  not  maaine  and  as 
subaeriaL  The  upper  formation  is  much  modified 
by  the  gradient  of  slope  and  the  luxuriance  of 
vegetation- 

The  clayey  matrix  probably  arises  from  decom- 
position of  the  rock  fiugmenis ;  but  the  occasional 
occurrence  of  rotmded  pebbled  of  greenstone,  &c, 
may  indicate  a  redistribution  of  patches  at  least  of 
boulder  day. 

It  is  in  th^e'  tir6  Beds,  and  especially  in  the 
upper  one,  that  obd^rvers  h&ve  found  shells  of 
mussels,  oysters;  Umpets,  and  p^riWinM^  Mr. 
Dancer  apparently  was  tlie  fii^  to  mention  these 
remadtis  in  Matichestcfr,  and  Mr.  Sidebothsiin  {from 
whom  Mr.  D.  received  hk  fin^  spi^timens),  shortly 
after  exhibited  lar^  collodions.  In  1861,  Mr. 
Binney  mentions  having  tracked  these  shells  up 
the  hill  towards  a  bed  of  shingle  at  a  fieight  of 
400  feet,  and  deduced  proof  of  the  elevation  of  this 
Head  at  least  that  height  during  a  very  modem 
epoch. 
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In  1867,  Mr.  Bonney  (fi^.  Mat/,  iv.  289)  noted 
a  deposit  of  shells  near  Gwydfyd  form,  in  clay 
which  appeared  to  him  "  not  to  have  undergone 
much  denudatiott  during  the  process  of  upheaval" 
Mr.  Maw  had  stated,  Oeol,  Mag.  iv.  877,  his  con- 
viction that  Mr.  Bonney's  shells  had  been  deposited 
by  nmn.  Mr.  DartdsMre  pronoiMced  the  shells  of 
the  red  clay  with  angular  fragmenlte  alsb  to  be  of 
non-ttiarine  deposit  tliese  latter  shells  are  of  the 
species  Mytilus  edulfe,  CardiUm  edule,  Ostrea  edulis, 
Patella  vulgata,  littoriiia  littorea,  Purpura  Capillus, 
aiod  Btji^ciaium  imdatum:  Thes^  occiir  either 
massed  in  heaps  or  layers  (genw^y  of  oAe  or  two 
kinds  tog^rth^)  or  I60*e  sparsbly  distributed.  They 
aare  all  of  ^oies  eateii  by  birds  of  man.  All  the 
specimen  ai^  foil  grown,  or  at  least  of  edible  size, 
and  in  neat*ly  every  instance  whole,  the  exceptions 
being  Mytilus,  a  shell  peculkrfy  liable  to  disinte- 
gration, and  the  univaN^es,  which  sometimes  occur 
broken  about  the  mouth,  ad  if  t«0  allow  of  extrac- 
tion of  the  animal  There  ar^  neither  ahy  other 
^)ecies  nor  young  spedmeiis  of  what  do  occur. 
The  shelte  do  not  appear  as  if  deposited  under  any 
natural  otiginnS  conditions,  nc^,  if  th«(y  were  so, 
does  it  seem  likely  tiiat  they  would  httve  remained 
during  a  slow  elevfttion  through  the  tides  of  ages. 
The  fact  of  elevation  is  undoubted,  but  tiiese  shells 
are  no  evidence  of  it 

It  id  not  iieoi»9EMry  to  give  sepi^te  lii^  of  the 
lots  feund  at  successive  heights.  They  occur  on 
aU  sides  of  the  Head,  but  have  been  especially 
eoUec^d  in  the  old  road  valley,  and  on  the  Hen- 
dafam  road  towards  the  south-east.  Along  this 
district  they  have  been  noted  at  120,  140,  180, 
200,  300,  and  315  feet  above  the  sea.  On  the  old 
road  section,  Mr.  Darbishire  had  found  the  sheUs 
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not  unfrequently  accompanied  by  teeth,  and  frag- 
ments of  bone  of  domestic  animals,  and  bits  of 
charcoal     Thus  there  occurred  : 

At  120  feet,  part  of  the  jaw  of  a  pig. 
At  180  feet,  sheep's  teeth  and  frequent  fragments 
of  bone. 

At  300  feet,  the  molar  of  a  horse  and  fragments 
of  bone. 

At  315  feet,  on  the  north  side  of  the  road  were 
found  with  patella  and  littorina,  a  cow's  tooth,  part 
of  the  jaw,  and  other  bones,  and  tee£h  of  a  pig, 
fi'agments  of  other  bones,  bits  of  charcoal,  and  two 
human  molars. 
At  365  feet,  fragments  of  bone. 
The  bones  have  all  lost  much  animal  matter. 
On  the  whole  these  shells  and  bones  must  be 
attributed  to  deposits  made  by  birds  or  men.    The 
shells  are  such  as  sea  birds  often  carry  to  land  for 
food,  and  (except  the  oysters),  most  of  them  may 
now  be  found  in  suitable  places  on  the  Head  so 
transported. 

In  Connemara  shells  of  the  very  same  kinds  may 
be  frequently  found  and  traced  to  or  from  a  cabin 
or  the  site  of  one,  on  or  under  the  sward  according 
to  the  overljring  of  the  deposit 

Shells  Ijring  on  exposed  ledges,  or  shells  or  bones 
cast  out,  would  in  the  course  of  years  be  distributed 
*  down  hill  along  with  and  in  time  be  buried  in  and 
under  the  superficial  detritua  *  Wind  and  rain 
and  chance  footsteps  woidd  assist  in  scattering 
such  objects. 

It  is  probable  that  the  deposit  of  these  i*emains 
on  the  Head  is  of  very  ancient  date, 

*  At  the  Tunara  sand  flats,  north  of  Qibraltar,  I  hare  watched  a  leranter 
roll  along  heavy  shells  of  Cardium  tuberculatum,  and  Pectunculos,  and  eren 
a  massive  yalve  of  Panopaea  glydmens. — B.  D.  D. 
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III. — Refuse  Heaps  and  other  undisturbed  Relics  of 
Human  Occupations. 

{IS)  Mr.  Bonney's  bed  of  shells  at  Qwydfyd  pit  has  been 
mentioned.  He  had  collected  Mytilus  Ostrea, 
Patella,  and  Littorina  with  three  valves  of  a  Tapes 
doubtfully  identified  as  pullastra. 

The  deposit  was  entirely  within  the  uppermost 
layer  of  blackish  earthy  clay.  Mr.  Darbishire's  col- 
lections from  this  spot  comprised  Tapes  decussatus 
(but  no  pullastra),  (in  pairs  and  valves,  whole  and 
broken,  all  full  grown  and  some  large),  Cardium 
edule,  Mytilus  edulis,  Ostrea  edulis.  Patella  vid- 
gata,  Littomia  littorea,  Littorina  littoralis.  Purpura 
lapillus,  and  Bucdnum  undatum ;  all  species  still 
eaten.  No  bones  or  implements  occurred-  The 
deposit  is  now  removed  by  the  enlargement  of  the 
clay  pit.  It  is  undoubtedly  human,  and  probably 
(from  its  depth),  older  than  the  next  deposit. 

(13)  A  very  extensive  midden  or  collection  of  such 
deposits  has  been  exposed  in  the  slope  of  talus 
below  the  western  inland  cliflF,  where  it  is  itself 
cut  by  the  waves  into  a  low  shore  cliff,  north  of 
the  site  of  what  is  now  the  house  of  the  Dean  of 
Christ  Church.  It  has  long  been  open  on  the  cliff 
section,  and  ,for  some  years  also  on  the  slope  in  a 
cutting  there,  to  an  extent  of  over  30  yards  up 
the  incline,  and  150  at  least  along  it. 

Mr.  Bonney  has  published  full  observations  on 
the  cliff  sections.     Oeol,  Mag.  iv.  343. 

The  remains  consist  of  layers  or  heaps  of  Mytilus 
edulis.  Patella  vidgata,  Littorina  littorea,  with  some 
oyster  shells  and  Purpura  lapillus,  and  at  least 
one  heap  of  Buccinum  undatum.  At  the  lower 
edge  the  heaps  lie  massed    EUgher  up  the  process 


of  djstributian:  lias  begun.    Th6  wbcde  is  grasB 
covered 

Boiw,  tmth  of  ox,  Bheep^  aawl  roebudc,  and  of 
some  birijb  occur.  Ewned  bones  not  unfirequently, 
and  once.  ^  smail  bit  <rf  red  eartben^w^e  occurred, 
but  as  yet  no  ^wplemwt^ 

If  otibing  appears  in  tbe  situ^on  or  condition  of 
these  renwdns  wbich  indicates  great  antiquity. 
(14)  li^tly,  Mr.  Bonney  mentions  as  occujmig  at  inter- 
vals in  tbe  sand  cUflfe  on  tbe  Conway  Bay  shore 
seams  of  Mytilus  edulis»  which  he  assumes  to  indi- 
cate "a  period  of  depression,  during  which  the 
mussel  bftds  are  formed^"  and  of  subsequent  up- 
heaval 

These  must  b^  set  down  as  appertainiiig  to  the 
most  recent  human  period. 

The  pj»ctice  of  daredging  great  quantities  of 
mussels  in  the  estuary,  of  boiling  them  on  the 
shore,  in  order  to  seai:ch  the  aninwJ  parts  for 
pearls,  is  of  old  standing,  and  has  been  frequently 
described  See  Loudon's  Magazine  of  Nat.  Hist, 
1830,  as  to  the  mussel  beds  and  heap^  on  the 
western  ^hore.  Mr.  Thomas  Glover  has  often  seen 
them  in  operation  on  the  eastern  side  of  the  bay, 
i.  e.,  making  these  beds. 

Mr.  D.  concluded  with  a  notice,  of  Mr.  Knney's  bed  of 
shingle  at  400  feet  elevation>  whidi  called  for  special 
cpnsiderajtion,  and  postponed  these  Bei^arks  for  discussion  on 
a  future  occasion, 

Mj.  S^debotham's  accidental  absence  was,mu(di.regretted,as 
thaA  gentleman  had  paid  much  attention  to  iiie  deposits  on 
t|^  Head.  A  full  series  of  specimens  of  pholas  holes  from 
Great  Orme's.  Head  w^d  I4ttle  Onne's  Head  wae.  exhibited 
^d  e^m^^  a3<w;ere  also  sp^cimiei^  fiTom,  Grin  Edge  and 
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Harper  Hill,  Bipdion,  referred  to  by  Mr.  Parbishi^e  a^t  t\\^ 
last  meeting.  The  character  of  the  l^oles  as  true  phola^ 
burrows,  was  in  eaqh  case  fully  recognised 

Mr.  BoTs:o^L^  remff  ked  iji^t  the  apeciuai^^  of  lijp^tpj^ 
appeared  to  be  decidedly  argillaceous,  which  would  tepfi  tp 
make  thj^m  less  liable  to  ajbmospherip  deicajr. 


MICROSCOPICAL  AND  NAf  U34.L  HISTORY  SECTION. 

October  7th,  1867. 

J.   B.   Dancer,   F.RA.S.,  President  of  the  Section, 
in  the  Chair. 

The  President  in  his  address  to  the  members  of  the 
section,  described  the  various  additions  and  improvements 
which  had  taken  place  in  microscopes  and  apparatus,  and 
gave  a  summary  of  the  Microscopical  researches  which  had 
been  communicated  to  various  societies,  both  English  and 
Foreign,  during  the  past  year. 

The  following  extract  of  a  letter  dated  27th  of  August, 
1867,  from  Captain  Mitchell  of  Madras,  was  read : — 

One  or  two  things  have  come  under  my  notice,  which 
a  friend  who  arrived  in  Madras  from  London  a  short  time 
since,  said,  he  believed  were  unknown  to  microscopiste  in 
England,  I  therefore  send  you  a  brief  notice  of  them,  in  the 
hope  they  may  interest  some  of  the  members  of  the  society. 

The  first  is  the  presence  of  ciliated  infusoria  in  dewdropp 
on  leaves.  I  have  to  confess  I  took  this  subject  up  in  jest, 
in  consequence  of  a  remark  in  an  article  publi^hec}  in  one 
of  our  local  papers ;  about  sunrise  I  placed  an  animaloule 
cage  under  the  point  of  a  leaf  and  transferred  the  drop  of 
dew  gathered  there  to  the  glass  plate,  and  then  examined  it 
with  the  microscope.     I  repeated  thQ  experimei^t  on  two 
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other  occasions,  and  the  result  wns,  that  m  about  one  drop 
out  of  every  two  I  found  one,  and  sometimes  two  infusoria 

Ab  the  dew  did  not  begin  to  fall  until  midnight,  they  must 
have  been  produced  from  the  germ  between  that  time  and 
6  a.m. 

On  the  first  occasion  I  saw  also  what  I  took  to  be  one  or 
two  spores  of  fungi  I  supplied  the  cage  with  distilled  water 
and  put  it  by  until  the  next  morning,  when  I  found  a  perfect 
forest  which  continued  to  multiply  so  long  as  I  supplied  it 
with  distilled  water,  which  I  did  for  several  daya  It  will 
be  interesting  to  ascertain  if  infusoria  are  found  under 
similiar  conditions  in  England 

Some  time  ago  Mr.  Ross  sent  me  a  binocular  body  for  my 
stand  (one  of  his  father's  make).  I  have  in  my  cabinet  the 
tongues  (so  called)  of  two  house  flies,  which  I  had  mounted 
some  years  back.  I  was  always  under  the  impression  that 
the  divided  absorbent  tubes  were  enclosed  between  the  two 
membranes  that  form  the  upper  and  lower  sur&ce  of  tiie 
two  lobes,  and  I  believe  that  is  the  general  opinion  of  their 
structure ;  now  on  placing  one  of  these  specimens  under  a 
half-inch  glass  with  the  binocular  body,  I  was  not  a  little 
astonished  to  see  the  tubes  standing  out  above  the  surface  of 
the  membrane  on  the  lower  or  under  part  of  the  tongue. 

I  was  always  at  a  loss  to  understand  the  use  of  these  very 
curious  vessels,  but  it  now  seems  evident  that  fluids  may  be 
taken  up  by  them  and  conveyed  to  the  larger  central  tube 
into  which  they  all  run.  It  is  I  presume  known  that  these 
tubes  all  open  on  the  upper  surface  of  the  lobes  by  the  other 
and  narrower  extremity. 

*   Mr.  Latham  read  the  following  communication  on  Silk- 
producing  worms  from  Natal : — 

In  the  Natal  Herald  of  the  8th  August  last^  there  are 
copies  of  a  correspondence  between  the  Chamber  of  Com- 
merce of  this  place,  aAd  some  gentlemen  at  Natal,  regarding 
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I  Bilk-pfodnomg  worms,  na  they  ave  tenned,  fbipid  near 
Qraham's  Town  by  Mr.  Hilli^,  &eduig  on  tha  leaorM  of  tha 
aiaiiofia  thorn  or  aeaekk 

The  vetult  of  iho  wnm^ndenot  itvas,  iliat  aome  of  tha 
aooooBB  wcora  presented  to  the  CSuunber  here  to  have  them 
reported  on  and  ilieir  true  1781110  Baceclmm^ 

Thoy  tame  anto  awy  faands^  «Qd  the  foUewing  reiqarks  on 
amm  aaay  be  uitereatiiig  to  the  Society:-^ 

From  one  of  the  cocoons  ihe  moth  now  exhibited  emerged 
fjhortly  after  Iks  arrival  in  England,  and  thoi^h  mndi  crip- 
|)led,  I  iiave,  "throc^h  the  kindness  of  Mr.  Jansen,  had  it 
t^leariy  identified  with  'the  insect  Taehypasa  ^ffusa^"^  of 
which  there  are  several  specimens  in  the  British  ICuseuM 
collection  fix>m  NataL 

The  moth  laid  about  50  eggs,  of  which  I  have  mounted 
two  or  three  and  they  are  here  for  examination. 

The  ^gs  under  the  microscope  exactly  resemble  in 
texture  those  of  the  ostrich,  but  each  has  a  small  black 
point,  probably  of  a  softer  substance  than  the  rest  of  the 
egg,  and  through  which  the  caterpillar  may  emerge. 

From  one  of  the  cocoons  I  extracted  the  chrysalis  also 
exhibited,  and  further  the  cast  skin  of  the  caterpillar  rolled 
into  a  small  ball  as  usual ;  by  boiling  this  for  some  time  in 
caustic  potass,  it  became  so  softened  that  it  was  possible  to 
get  it  to  its  original  size,  and  to  show  its  original  form.  You 
have  it  before  you  dried,  and  the  series  is  therefore  complete, 
egg,  caterpillar,  chrjnsalis,  moth,  and  cocoon. 

The  original  cocoon  is,  you  will  notice,  a  hard  woody-like 
substance,  but  by  certain  processes,  Mr.  HiUier  states  soaking 
in  a  solution  of  soda,  the  cement  agglutinating  the  silk  is 
dissolved  and  a  soft  silky-looking  bag  remain& 

This  consists  of  a  thick  outer  covering,  a  loose  middle 
lining,  and  a  thinner  internal  lining,  all  of  silk,  which  I 
hardly  think  could  be  wound  but  might  possibly  be  carded 
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flilk  broker  -writes  as  ^nHowa  i-rrr 

''It  is  a  carded  cocoon,  the  waste  silk  wibaoiUbarQ^JUWg 
of  tbe  jOQfioon  aad  appeals  x)f  ioloBaUe&DuB  Shj»,  fawt  it  Ibad 
lA  oolor  and  not  of  a  good  n>apcbantahk  aftp^ffnai^,  if  i& 
quantity  worth  pttrfaaps  la.  Sd.  per  lb.  9il  noiuadL'' 

<<E]M)iiiriQ8  of  a  suaailar  imbJi^bi9^ei^tmi^i»Hd^fy<miix'^^ 
to  time  by  custoBoers  ia  tine  Eaa(t,  iNaiAfie fiiik  4Qies  ag^tfidw 
/one  <if  ^e  Mapto  of  itfi^  <QQWtey,  /Wft4  /»WQ»g  oftier  pl^ipes, 
frejKi  JiWM  but  fT^  4o  ;ijM^  ^d  ^1^  ^foy  gfxri  ,qa^  ^^dae 
0catt^  effixAd  mad^  to  produce  sil]^  in  a^y  guajiiifit^ ;  j^  is 
prohaWy  th^  »o«t  difficult  of  all  ^giym  stwto  Uf  es^a^wh 
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Ordinary  Meeting,  November  I2th,  13^7. 

Edward  SgnuNcp:,  Ph.D.,  F.R.S.,  &jc.,  President,  in  the 

Chair. 

Mr.  John  Barrow  was  elected  an  Ordinary  Member  of  the 
Society. 

Mr.  BiNNEY,  f  .p.S.,  F.G.S.,  s^d  that  in  the  Key.  J.  G. 
Ciunming's  excellent  i^istory  of  the  Isle  of  Man  that  author, 
at  page  132,  says,  "the  differept  layers  of  the  Posidonian 
Schist  vary  both  in  their  litJiQlogjcal  texture  and  organic 
contents.  The  finest  and  most  compact  layer,  whjch  is 
worked  for  ornamental  pijrposes,  is  characterised  by  an 
abundance  of  Posidonia  and  the  relicts  of  tree  fema^ 
which  we  must  necessarily  regard  with  interest  as  indi- 
cating an  approach,  though  still  at  a  considerable  distance 
from  the  coal  formation  of  jGreat  Britain."  As  the  disco- 
very of  fossil  tree  {ev^a  in  the  mountain  limestone  would  be 
of  great  interest,  he  had  latply  beep  over  to  Poolyash  Bay, 
the  locality  named  by  Mr.  Cuipniing,  arid  spent  a  consider- 
able time  in  searching  the  black  limestopes  there  for  tjiose 
fossils;  but  although  he  met  )vith  plants,  the  remaps  of 
vegetables  common  to  the  carbo^iferous  formation,  such  as 
Stigviaria  ficoidea,  Calamites,  and  other  coal  plants,  hp 
found  nothing  resembling  tree  ferps.  The  stat^  in  which  the 
roots  {Stigmarice)  were  found  in  this  limestone  led  him  to 
believe  that  Mr.  Gumming  had  mistaken  thepi  for  tree  ferns. 
The  depressed  areobe  in  this  fossil  have  the  lower  portion 
of  the  radicle  attached  to  them  so  as  to  give  the  appe^ance 
of  a  scar  not  much  unlike  that  of  ^  tree  fern,  but  he  cop- 
vinced  himself  that  they  were  unquestionably  Stigmaria, 
PBOCBEDnfGS— Lit.  k  Phu..  Sochty— Vol.  VII.— No.  8.— Session,  1867-8. 
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This  portion  of  SigiUa/ria  is  often  met  with  in  the  beds  of 
limestone  in  the  Yoredale  series  of  Professor  Phillips,  as 
well  as  much  lower  down  in  the  carboniferous  series  in  the 
limestone  of  West  Calder,  near  Bathgate,  Scotland,  where  it 
occurs  in  great  abundance.  He  also  stated  that  the  lower  • 
coal  seams  of  Scotland  containing  workable  beds  were  of 
considerably  earlier  date  than  the  Posidonian  Schists  of  the 
Xsle  of  Man. 

Dr.  R  Angus  Smtfh,  F.RS.,  said  that  he  had  frequently 
visited  some  parts  of  the  Continent,  and  had  been  a  student 
of  exhibitions  such  as  included  the  useful  arts.  He  was 
quite  prepared  to  agree  with  those  who  saw  a  very  great  im- 
provement in  the  touch  of  the  workman,  in  the  countries 
nearest  to  us  in  the  north  of  Europe  especially.  In  France 
the  advance  made  was  very  great,  and  so  also  in  Germany; 
but  in  neither  of  these  cases  did  he  consider  that  the  exhibi- 
tion showed  the  true  state  of  the  arts  among  the  peopla  A 
true  exhibition  would  give  the  proportion  of  bad  and  of  good 
manufactures.  There  was  no  attempt  to  do  this  except  in 
cases  where  the  objects  were  viewed  rather  as  curiosities,  as 
for  example,  when  costumes  and  architecture  were  intro- 
duced. When  a  nimiber  of  knife  makers  showed  their 
manufactures,  it  was  clear  that  they  aU  showed  their  best^ 
but  they  did  not  show  how  many  made  knives  that  would 
scarcely  cut,  and  even  if  they  had  done  so,  it  would  not 
have  been  sufficient  to  exhibit  the  state  of  the  arts  among 
the  people.  It  would  not  inform  us  how  many  of  the  popu- 
lation had  no  knives  set  down  to  them  at  dinner,  and  how 
many  houses  had  not  a  fork  of  any  kind.  In  one  of  the 
countries  which  had  made  greatest  progress  and  showed 
beautiful  work  of  all  kinds  at  the  exhibition,  he  had  been 
in  an  hotel  where  no  fork  whatever  existed,  and  when  he 
asked  for  a  knife,  the  landlady  handed  him  one  from  her 
pocket.     Yet  she  and  the  landlord  were  very  respectable 
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looking  people,  and  the  house  was  clean.  True,  it  was  only 
in  a  village,  but  it  was  only  a  few  miles  from  a  considerable 
town.  The  people  were  not  the  poorest,  but  probably  the 
richest  in  the  village.  He  had  not  found  any  similar  case 
in  Great  Britain  These  were  decent  people  of  the  lower 
classes  in  want  of  what  we  may  consider  the  ordinary  tools 
requisite  in  modem  civilisation  only  three  years  ago.  He 
did  not  wish  to  speak  of  any  manufacture  for  the  study  of 
which  he  may  have  had  special  opportunity,  but,  speaking 
generally,  he  did  not  think  that  the  modem  changes  had 
penetrated  all  classes  of  the  community  so  deeply  in  France 
and  Germany  as  the  exhibition  represented,  whereas  Eng- 
land had  done  more  than  it  showed  at  the  Paris  exhibition. 
This  is  quite  independent  of  the  question  which  is  best,  and 
relates  only  to  the  useful  arts. 

It  is  clear,  however,  that  wonderful  advances  have  been 
made,  and  who  makes  them  ?  He  considered  that  they 
were  made  by  the  upper  classes  of  the  manufacturers,  and 
used  by  the  upper  and  middle  classes,  but  had  not  descended 
universally  even  to  the  middle  classea  When  the  general 
descent  takes  place,  the  manufacturers  will  have  a  much 
larger  home  market  than  they  have  at  present.  It  is  for  the 
interest  of  England  that  this  advance  among  the  people 
should  take  place,  as  in  some  instances  it  wiU  prevent  com- 
petition in  foreign  markets ;  but  whatever  the  commercial 
result  may  be,  there  is  one  lesson  which  we  may  aJl  learn. 
Within  the  last  thirty  or  forty  years,  the  violent  attempts 
to  teach  the  people  here  by  schools,  mechanics'  institutes, 
and  lectures  given  or  promoted  by  benevolent  persons 
attaching  themselves  to  various  societies,  have  wearied  the 
souls  of  all  who  have  cooperated  or  even  looked  on  with 
interest.  In  Gtermany,  without  any  commotion,  calmly  and 
pleasantly,  the  youths  have  been  trained  in  schools  and  col- 
leges without  number,  and  so  thoroughly  that  they  are  able 
to  supply  foremen  and  managers  to  their  own  manufacturers' 


30 

feistsiblisliments,  and  to  send  a  supply  also  to  foreign  countries, 
Vithoiit  diiiiiiiMiing  the  supj)ly  of  that  higher  order  of  men 
of  learhing  that  have  so  lolig  mAde  Germany  femous.    In 
other  words,  whilst  we  have  failed  with  the  most  violent 
efforts  tod  with  tnuch  noise  to  teach  our  own,  they  have 
succeeded  not  oiily  to  teach  their  own  citizens,  but  to  assist 
in  educating  the  rest  of  the  world.     In  this  matter  of  edu- 
(ftiiion,  the   Governments  have  been  able  to  mould  the 
nation's  mind,  and  to  alter  the  habits  of  a  leading  portion 
6f  it  in  a  very  few  years.    A  careful  education  would  pro- 
bably shot7  its  influence  in  less  than  ten  years.    True,  many 
<5[Uestions  arise;  and  we  may  ask  if  education  would  not 
smooth  down  the  peculiarities  of  the  national  character,  and 
prevent  it  trusting  to  individual  will  and  g^UB.    Pedantic 
education  might  do  this,  but  training  is  CettaSnly  'as  requi- 
site in  civil  as  in  military  affldrs,  and  no  one  says  tiiat 
discipline  ditninishes  tiie  pow^  of  an  tony.    It  inay  be  a 
question  whether  the  nnifowh  oiganisation  of  edncatioto  in 
France  is  not  calculaited  to  produce  too  "ttuch  equaiity  in  the 
minds  of  the  nation,  but  it  Will  certainly  pi^^duCe  iftimen^ 
power  in  the  aggregate.      The  ntimerous  small  states  of 
Germany,  each  fostering  ite  own  schools  and  universes, 
seem  best  fitted  to  produce  an  intellectual  activity.     We 
see  there,  many  nniversities,  each  developing  it!^  own  pecu- 
liarities.   They  must  make  tiie  nation  more  many-sided,  and 
they  have  ddne  so.    At  any  tate,  the  present  lesson  seemed 
to  be  that  the  mdre  intelligent  part  of  a  nation  may  be 
fiuahidned  anew  in  a  few  yea^  'by  itfe  ingtrti(rtors  as  easily  as 
a  boy  mlty  be  taught  tso  be  either  tt  sh<J€(mkkel-  or  a  taSldr; 
cases  ol  original  bent  excepted.    We  desii'e  ^dhools  ih  tMs 
countary,  but  cannot  find  them;  thete  is  no  drgknisation 
for  making  them  to  the  extent  they  are  required.     The 
genius  of  tiiis  nation,  great  as  it  really  is,  impatietit  of  de- 
tails, and  looking  vigorously  to  results,  wiH  never  cotctpite 
in  a  Wild  state  with  the  disciplined  atttry  ofiMtlk&tt  and'^f 
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mannfacturers  abroad.  Those  who  do  succeed  here  must 
train  themselves,  and  to  that  training  they  owe  their  success, 
but  it  is  hard  work,  and  not  to  be  expected  of  many.  How- 
ever, it  is  clear  that  an  entirely  new  spirit  may  be  made  to 
animate  society  in  ihe  course  of  a  single  generation,  and  a 
nation  may  be  bom  in  our  own  day;  also,  as  the  result  has 
been,  so  far  as  the  useful  arts  are  concerned,  exactly  that 
which  the  rulers  desired,  we  must  believe  tha4;  governments 
or  large  combinations  of  men  have  tiie  change  in  their 
power. 

It  was  said  that  this  progress  in  the  arts  did  not  neces- 
sarily go  down  to  the  whole  of  society.  There  may  be 
several  reasons  for  this:  the  upper  classes  may  be  far  ad- 
vanced and  ihe  lower  very  poor,  even  when  there  is  much 
good  feeling.  In  some  of  the  mining  districts  of  Germany, 
sending  out  the  most  intelligent  miners  to  distant  parts  for 
centuries,  and  teaching  their  own  with  great  care  in  schools 
which  have  been  imitated,  but  not  surpassed,  we  find  a 
population  extremely  poor.  Nature  has  presented  little  to 
them.  We  cannot  expect  all  farmers  to  be  equally  rich, 
when  soils  differ  so  much.  In  such  cases,  however,  we  can 
expect  a  careful  superintendence  and  a  thoughtftd  mode  of 
husbanding  resources,  mitigating  the  evils  of  poverty,  and 
producing  content  where  otherwise  abject  misery  would 
exist,  and  that  we  find. 

The  exhibition  shows  how  much  may  be  done  for  the 
active  minds  of  nations  by  a  government  fostering  educa- 
tion, and  the  state  of  the  same  countries  shows  that  intelli- 
gence, comfort,  and  wealth  have  been  promoted  also.  Whilst 
the  poorer  parts  alluded  to,  in  Saxony  for  example,  show 
that  when  from  natural  causes  wealth  has  not  been  accu- 
mulated, education  has  produced  intelligence  to  mitigate 
those  evils  which  would  otherwise  have  crushed  the  people. 
This  education  is  owing  to  the  activity  of  the  governments. 
We  learnt  the  lesson  in  this  island  once,  and  forgot  it    We 
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must  be  humble  enough  to  learn  it  again  from  the  world, 
instead  of  teaching  it  to  them  as  we  ou^t  to  have  dona 

The  imassisted  working  classes  in  this  country  have 
raised  themselves  to  an  enjoyment  of  the  products  of  civili- 
sation not  equalled  probably  anywhere  in  Europe,  and  their 
progress  has  been  of  longer  duration;  as  we  love  our  country 
we  are  still  disposed  to  believe  in  its  power  of  keeping  in 
advance.  But  how  could  a  raiment,  however  brave,  ad- 
vance with  longbows  against  modem  artillery  ? 

We  require  education  in  the  fundamental  principles  of 
physical  science;  the  moral  principles  as  found  in  literature 
are  not,  when  aJone,  sufficient  either  for  the  higher  cultiva- 
tion of  the  mind  or  eveiy  pursuit  of  the  useful  art&  This 
applies  to  the  rich  and  not  merely  to  the  poor. 
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MICBOSCOPICAL  AND  NATUBAL  HISTORY  SECTION. 

November  ith,  1867. 
J.  SmEBOTHAM,  Esq.,  in  the  Chair. 

The  Rev.  J.  K  Vize  showed  and  presented  to  the  section 
four  specimens  of  insects  beautifully  mounted  in  balsam  by 
himself. 

Mr.  SiDEBOTHAM  read  the  following  ''  Note  on  the  Ship- 
bamade." 

On  the  28th  of  September  I  was  at  Lytham  with  my 
family.  The  day  was  very  stormy,  and  the  previous  night 
there  had  been  a  strong  south-west  wind,  and  evidences  of 
a  very  stormy  sea  outside  the  banks.  Two  of  my  children 
came  running  to  tell  me  of  a  veiy  strange  creature  that  had 
been  washed  up  on  the  shore.  They  had  seen  it  from  the 
pier  and  pointed  it  out  to  a  sailor,  thinking  it  was  a  large 
dog  with  long  hair.  On  reaching  the  shore  I  found  a  fine 
mass  of  bamades,  Pentalaainus  anatifera,  attached  to 
some  staves  of  a  cask,  the  whole  being  between  four  and 
five  feet  long.  Several  sailors  had  secured  the  prize,  and 
were  getting  it  on  a  truck  to  carry  it  away.  The  appear- 
ance was  most  remarkable,  the  hundreds  of  long  tubes  with 
their  curious  -shells  looking  like  what  one  could  fancy  the 
fabled  Qorgon's  head  with  its  snaky  locks. 

The  curiosity  was  carried  to  a  yard  where  it  was  to  be 
exhibited,  and  the  bellman  went  round  to  announce  it 
under  the  name  of  the  sea  lioness,  or  the  great  sea  serpent 
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I  arranged  with  the  proprietor  for  a  private  view,  took 
my  camera  and  a  coUodio-albnmen  plate,  and  obtained  the 
photograph  I  now  exhibit  The  afternoon  was  very  dull, 
and  the  plate  would  have  done  with  a  little  longer  exposure, 
but  this  along  with  the  specimens  I  show,  will  give  some 
idea  of  the  strange  appearance  of  this  mass  of  creatures. 

This  barnacle  is  of  interest  as  being  the  one  figured  by 
Qerard  as  the  youn^  qf  th^  bacn^e  gopse.  As  some  of  our 
members  may  not  have  seen  the  book  and  read  the  quaint 
description,  I  have  brought  my  copy  of  Q^^wd's  Herbal  for 
their  amusement. 

I  may  just  mention  that  another  rmaa  of  bamiieles  was 
washed  up  at  Lytham,  and  also  one  at  !31a£kpool,  the  same 
day  or  the  day  following.  I  did  not  see  either,  but,  fxm 
description,  neither  was  so  fine  as  the  one  I  have  described 

This  mass  of  barnacles  was  evidently  just  such  a  one  as 
that  seen  by  Gerard  at  the  Pile  of  Foulders.  It  is  rare  tp 
haye  such  q.  specimen  on  our  coasts.  The  sailors  at  Lytham 
had  never  seen  anything  like  it,  although  soffi©  of  them 
were  old  men  who  had  spejit  all  tbeir  lives  on  the  coast 
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Ordinary  Meeting,  November  26th,  1867. 

Edward  Schunck,  PLD.,  F.RS.,  &c.,  President,  in  the 

Chair. 

Mr.  James  Stanley  Kipping  was  elected  an   Ordinary 
Member  of  the  Society. 

"On  a  Thermometer  unaffected  by  Radiation,"  by  Dr. 
J.  P.  Joule,  F.RS.,  &c. 

In  the  annexed  figure  a  is  a  copper  tube 
about  one  foot  long,  and  has  a  tube  open  at 
both  ends  in  the  centre.  Water  is  poured 
into  the  space  between  the  two  tubes.  In 
the  centre  tube  there  is  a  spiral  of  fine  wire 
suspended  by  a  filament  of  silk,  and  having 
a  mirror  at  m.  There  is  a  lid  at  p  which 
can  be  removed  at  pleasure  from  the  lower 
end  of  the  tube.  When  p  is  situated  as  in 
the  figure,  there  can  be  no  draught,  and  con- 
sequently the  spiral  with  its  mirror  is  at 
zero  of  the  scale.  But  when  p  is  re- 
moved, there  is  a  current  of  air  which  turns 
the  spiral,  if  the  air  in  the  tube  has  a  dif- 
ferent temperature  from  that  of  the  outside 
atmosphere.  In  my  apparatus,  one  degree 
Fah.  produces  an  entire  twist  of  the  filament.  I  find  that  the 
temperature  in  the  tube  is  generally  warmer  than  in^he  out- 
side atmosphere  of  a  room,  which  must  be  owing  to  the  con- 
version of  light  and  other  radiations  into  heat  on  coming  into 
contact  with  the  copper  tube.  I  have  tried  the  apparatus  in 
the  open  air  on  a  still  day,  with  the  same  result.  Of  course 
PBOCVEDnroB — Lit.  k  Phil.  Soctitt— Vol.  VII.— No.  4.— Session,  1867-8. 
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when  there  is  wind  the  effect  is  masked,  but  I  feeJ  confident 
that  by  increasing  the  length  of  the  tube,  making  it  30  feet 
for  instance,  and  using  certain  precautions,  this  difficulty 
may  be  oyerf^ome. 

'^On  Sdar  Raklifttion,"  by  Joseph  Baxsndell,F.RAJSi 
Although  observations  of  solar  radiation  have  now  been 
regularly  made  for  several  years  at  various  public  observa- 
i^ries,  and  by  many  amateur  meteorologists,  I  am  not  aware 
that  any  useAil  or  important  result  has  yet  been  deduced 
firom  them.  It  seems  to  be  generally  supposed  that  the 
disturbing  influences  which  affect  the  indications  of  i^e 
black-bulb  thermometer  are  so  uncertain  and  irregular  in 
their  action  as  to  render  it  almost  hopeless  to  expect 
that  any  new  and  valuable  result  can  be  obtained  fixmi 
them.  On  comparing  sets  of  observations  made  by  different 
observers,  the  most  startling  and  discouraging  discrepancieB 
are  often  found  to  exist,  for  which,  in  the  absence  of  any 
.infoimation  as  to  the  exact  circumstances  under  whidi  the 
observations  were  made,  it  is  impossible  to  account  satis- 
figtctorily.  A  few  years  ago  an  enquiry  in  which  I  was 
engaged,  led  me  to  luidertake  a  discussion  of  the  Greenwich 
solar  radiation  observations ;  but  the  results  jaroved  so  per- 
plexingly  anomalous  and  unsatisfactory,  that  I  could  not 
venture  to  place  any  reliance  upon  them.  Having,  however, 
recently  become  possessed,  through  the  kindness  of  the 
Rev.  Robert  Main,  F.RS.,  and  the  Trustees  of  the  Raddiffe 
Observatory,  Oxford,  of  copies  of  the  volumes  of  Raddiffe 
Observations  for  the  years  1858  to  1864,  and  finding  iiiat 
they  contained  a  valuable  series  of  solar  radiation  observa- 
tions, t  have  been  led  to  resume  the  subject,  and  although  the 
enquiry  is  still  incomplete,  I  have  thought  that  some  of  the 
results  already  obtained  are  sufficiently  curious  and  remark- 
able to  render  it  desirable  to  bring  them  before  the  sodety, 
in  order  that  attention  may  be  drawn  to  a  much  n^lected 
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.  but  highly,  interesting  branch  of  enquiry,  and  to  the  necessity 
of  deviapg  and  adopt^lg  a  more  reliable  and  systematic 
method  of  determining  the  intensity  of  solar  radiation  than 
the  Qjxe  at  Resent  in  use.  Itiisimuoh  .to  be  regretted  that 
no  regular  and  long-continued  series  of  observations  l^as 
ever  been  made  with  Sir  John  Herschel's  actinopieter,  since 
there  can  hardly  be  any  doubt  that  such  a  series  would 
yield: much  more  accurate  and  reliable  results  ^han  caji  be 
obtained  by  the  use  of,  either  the  ordinary  or  the  vacuo 
black^bulb  thermometer.- 

The  Oxford  sohur  radiation  observations  poqimenced  on 
the  2nd  of  January,  1866,  and  were  made  with  a  thermo- 
meter supplied  by  N^retti  and  Zambra.  On  the -3rd  of 
November,  1858,  this  thermometer  was  ui^ortui^tely 
brol^en,  but  a  new  thermometer  being  obtained^  the  observa- 
tions were  resumed  on  the  1st  of  December,  1858,  and 
continued  uninterruptedly  till  the  11th  of  September,*  18«4, 
when  the  second  thermometer  was  also  broken;  a  third 
thermometer  was  obtained  and  brought  into  use  on  the  17th 
of  September,  and  the  observations  continued  with  it  to  the 
end  of  the  year.  The  entire  series  of  observations  during 
the  nine  years  1856-1864,  must  therefore  be  regaided .as 
consisting  of  two  distinct  series,  made  with  different  thmaono- 
.meters,  and  therefore  not  strictly  comparable  with  each 
other.  .1  have,  in  consequence,  thought  it  desirable  to  cqn- 
fine  the  discussion,  in  the  ^t  instance,  to  the  observations 
.made  with  the  second  thermometer  during  the  years  lS5fl- 
1864,  more . especially  as. in  1857  the  readings  of  fihe.fijcst 
thermometer  were  only  to  the.jiearest  wtiole  degree,  and. in 
,1858  the  month  of  November  was  omitted;, and  i^  order 
.  to  make  six  complete  years^  I  have  included  the  observations 
made  with  the  third  thermometer  from  the  I7tlx  of  September 
to  the.  end  of  1864. 

The  following  table  shows  the  mean  moAthly,  and  annual 
differences  between , the  m^ijdmum.  temperature  in  the  shade 
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and  that  in  the  sun  during  the  six  years  1859-1864,  and 
the  monthly  and  annual  means  of  the  entire  series : — 


January... 
February.. 
March   ... 

April 

May  

June  

July  

August  ... 
September 
October... 
Noyember 
December. 

1859 

1860 

1861 

1862 

1863 

1864 

Monthly 
Means 

o 

7-3 
10-9 
11-7 
13-2 
150 
160 
17-8 
16-3 
16-3 
111 
12-4 

6-2 

o 

5-7 

11-5 

11-2 

161 

13-5 

12-3 

12-8 

12-5 

11-8 

8-7 

8-4 

4-9 

o 

5-7 

90 

10-4 

15-4 

13-5 

14-4 

12-4 

15-1 

141 

11-0 

7-9 

60 

o 

4-2 

6-8 

7-6 

11-6 

11-6 

101 

13-4 

ia'3 

12-5 

8-8 

8-2 

4-4 

o 

4-9 

9-2 

10-2 

11-8 

11-5 

13-2 

14-2 

12-5 

12-8 

8-4 

6-4 

3-3 

o 

5-3 

7.6 

9-4 

11-3 

12-3 

11-6 

12-3 

14-5 

14-8 

100 

6-5 

2-2 

0 

5-51 

916 

10-08 

13-^ 

12-90 

1293 

1381 

14-03 

13-71 

9-66 

800 

4-50 

Annual" 
Means 

12-85 

10-78 

11-24 

9-37 

9-78 

9-81 

A  projection  of  the  mean  monthly  values  gives  the  curve 
in  diagram  A,  from  which  it  will  be 
seen  that  the  maximum  amount  of 
radiation  occurs  in  August,  or  about 
a  month  later  than  the  time  of 
maximum  temperature;  whilst  the 
minimum  occurs  in  December,  about 
a  month  earlier  than  the  time  of 
minimum  temperature.  Th  ere  is  also 
a  slight  secondary  maximum  in  April.  This  curve,  therefore, 
differs  from  that  of  any  other  element  of  temperature;  but 
observing  that  the  time  of  minimum  corresponded  exactly  with 
that  of  maximum  in  the  curve  laid  down  from  the  numbers 
given  in  a  table  which  I  communicated  to  the  Physical  section 
on  the  5th  of  March,  1863,  showing  the  monthly  sums  of  the 
oscillations  of  mean  daily  temperature  at  Greenwich  duriag 
the  thirteen  years  1848-60,  and  also  the  mean  daily  values 
for  the  different  months;  and  that  the  time  of  maximum 
agreed  nearly  with  that  of  minimum  disturbance  of  mean 
daily  temperature,  it  occurred  to  me  that  the  two  phenomena 
might  be  closely  connected  with  and  dependent  upon  each 
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other,  and  that  the  annual  values  of  the  solar  radiation 
might  bear  a  constant  ratio  to  the  corresponding  values  of 
the  oscillations  of  mean  daily  temperature.  The  annual 
sums  and  mean  daily  values  of  the  oscillations  of  mean 
daily  temperature  at  Oxford  for  the  six  years,  and  the  corre- 
sponding ratios,  were  therefore  calculated,  and  found  to  be 
as  follows : — 

Ajuraal  Sazns.  Daily  Means.  Ratlot. 

o  o 

1859  1182-3 3-24 396 

1860  9530 2-60 414 

1861  1054-9 2-89  3-88 

1862  1043-4 2-85  3*28 

1863  1198-4 3-28  298 

1864  11580 317 3-09 

The  numbers  in  the  last  column  showed  that  the  ratio 
was  not  even  approximately  constant,  but  that,  on  the  con- 
trary, it  was  subject  to  considerable  change.     I  therefore 
concluded  that  the  calorific  intensity  of  the  sun's  light  was 
B  also  subject  to  variation ;  and  a  glance 

at  the  course  of  the  numbers  at  once 
suggested  that  this  variation  would  be 
found  to  follow  that  of  solar  spot  fre- 
quency. Referring  to  Schwabe's  obser- 
vations of  the  solar  spots,  we  have  the 
following  numbers  of  groups  observed 
by  him: — 

1859 205  '  1862  160 

1860 211  !  1863 124 

1861  204  I  1864 130 

A  projection  of  these  nimibers,  and  of 
the  corresponding  ratios  of  solar  radia- 
tion to  the  oscillation  of  mean  daily 
temperature  is  shown  in  diagram  B; 
No.  1  is  the  curve  of  sun  spot  fre- 
quency, and  No.  2  that  of  the  ratios ; 
and  it  wiU  be  seen  that  the  similarity 
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in  form  of  the  two  curves  is  remarkably  striking,  and 
apparently  conclusive,  as  to  the  connection  between  the  two 
classes  of  phenomena. 

Assuming  that  changes  in  the  heating  power  of  the  suti^s 
rays  follow  the  course  of  the  changes  in  solar  spot  frequency, 
it  seemed  probable  that  the  ratio  of  the  difference  between 
the  maximum  temperature  in  the  shade  and  in  the  sun,  to 
the  difference  between  the  mean  daily  temperature, — or 
better,  perhaps,  the  temperature  of  evaporation, — and  the 
maximum  temperature  in  the  shade,  would  also  exhibit 
corresponding  changes.  It  will  be  seen  that  the  following 
results  strongly  support  this  view  : — 

Max.  Temp,  in  Sun,  Max  TeBi|>.  in  Shade, 

lOM  Malix.  Temp.  lees  Mean  Tempi  of~ 

in  Shade.  Bvapontion.  Batibe. 

o  o 

1859 12-85 10-06 1-27 

1860 1078 8-63 1.25 

1861  11-24 9-62 1-18 

1862 9-37 9-28 1-09 


1863 9-78 10-38 

1864 9-81  10-57 W9**^ 

The  line  No.  3  in  diagram  B  is  a  projectkMT  of  i^M^ 
ratios.  It  would  probably  be  better  to  emjdoy  the  maxBtniaif- 
instead  of  the  mean  temperature  of  evaporation,  bhiiiyeris' 
not  given  in  the  printed  observations. 

The  mean  values  of  solar  radiation  given  above  in^the^fiirst^ 
table,  aie  deduced  from  observations  madd  on  every  day  im'- 
the  year,  and  therefore  in  every  possible  state  of  the  ^JttaedB^ 
phere — clear,  cloudy,  rainy,  foggy,  calm,  stormy,  &c. — btrtif ' 
was  evidently  desirable  to  determine  the  calorific  intensity 
of  the  sun's  rays  on  dayd  when  the  sky  was  cloudless  at  tht^ 
time  of  maximum  temperature.    The  printed  observations, 
however,  do  not  always  show  when  this  was  the  case,  a&d*' 
it  became  necessary  to  adopt  some  arbitrary  jninoiple-  of  * 
selection.     As  the  one  which  appeared  t^  me  t<^  b&  Idl 
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open  to  objection,  I  selected,  in  the  first  instance,  the  highest 
value  in  each  month  of  the  six  years,  and  taking  the  means 
obtained  the  following  numbers,  a  projection  of  which  id' 
shown  in  curve  No.  1  of  diagram  0. 


January 16*4! 

February  205 

March    19-3 

April 22-6 

May   20-9 

June  201 


July   21-1 

August  20-3 

September 21-8 

October 19*6 

November 17*2 

December  15*3 


This  curve  exhibits  two  principal  maxima  in  April  and^ 
September,  and  a  low  minimum  in  December. 

Taking  next  the  means  derived 
from  the  three  highest  values  in 
each  month,  and  then  those  of  the 
five  highest,  we  have  curves  No.  2 
and  No.  3.  The  slight  irregularities 
in  the  first  curve  have  now  dis- 
appeared, and  curve  3  has  two  well 
defined  maxima  in' April  and  Sep- 
tember, a  principal  minimum  in 
December,  and  secondary  minimum 
in  June. 

Proceeding  now  a  step  fieurther  and  taking  the  ten  highest 
values  in  each  month,  we  have  curve  No.  4,  The  first 
maximum  still  occurs  in  April,  but  a  slight  change  has 
taken  place  in  the  time  of  the  second,  which  now  occurs  in 
the  latter  part  of  August  instead  of  the  middle  of  Septem^ 
ber;  but  no  change  has  taken  place  in  the  times  of  the 
two  minima. 

Finally,  taking  the  ten  lowest  values  in  each  month  we 
have  curve  No.  5.  Here  the  ^brat  maximum  has  almost 
disappeared,  though  still  oocuning  in  April,  and  the  second 
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maximum  has  advanced  into  July.  The  principal  minimum 
is  still  in  December,  but  the  secondary  minimum  occurs  in 
May  instead  of  June,  though,  like  the  first  maximum,  it  has 
almost  disappeared. 

It  seems  therefore,  from  a  comparison  of  these  five  curves, 
that  the  general  cui*ve  in  diagram  A,  which  is  laid  down 
from  the  monthly  means  of  all  the  observations,  may  be 
regarded  as  compounded  of  two  primary  curves, — one 
having  two  well  marked  maxima  in  April  and  September, 
and  two  minima  in  December  and  June,  and  the  other  having 
only  one  maximum  in  July  and  one  minimum  in  December. 
From  curves  3  and  4  it  appears  that  the  influence  of  t]ie 
second  primary  curve  upon  the  general  features  of  the  firsts 
does  not  become  apparent  while  the  number  of  selected 
days  is  limited  to  five  per  month.  The  first  primary  curve 
therefore  represents  the  monthly  changes  in  the  calorific 
intensity  of  the  sun*s  direct  rays  on  cloudless  or  nearly 
cloudless  days,  and  it  leads  us  to  this  remarkable  conclusion 
that  the  heating  power  of  direct  sun-light  on  clear  days  in 
the  latitude  of  the  British  Islands,  is  greater  in  the  months 
of  April  and  September  than  in  the  month  of  June,  when 
the  sun  attains  his  greatest  meridian  altitude. 

The  second  primary  curve  represents  the  intensities  when 
the  solar  rays  are  more  or  less  intercepted  and  dispersed  by- 
clouds  and  haze,  and  it  approaches  in  form  the  annual  curve 
of  temperature;  but  the  first  curve,  of  which  curve  3, 
diagram  C,  may  be  taken  to  be  a  fair  representation,  is 
unlike  that  of  any  other  thermometric  element.  It  has, 
however,  a  remarkably  close  resemblance  to  the  curve 
representing  the  monthly  changes  of  one  of  the  magnetic 
elements,  namely,  that  of  the  monthly  means  of  the  diurnal 
ranges  of  the  magnetic  needle.  In  the  volume  of  the 
Greenwich  Observations  for  1859,  the  Astronomer  Boyal 
has  given  a  table  showing  the  monthly  means  of  the  diumal 
ranges  of  the  magnetometer  at  Greenwich  from  ten  years' 
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observations,  1848-1857. 
follow : — 

January 9*5 

February   113 

March    131 

April 140 

May   12-7 

June  12-6 


The  numbers  in  this  table  are  as 


July    12-7 

August  12-6 

September 13*5 

October 122 

November 9*3 

December  8*2 


The  line  No.  2,  in  diagram  D,  is  a  projection  of  these 
numbers,  and  the  line  No.  1  is  a  repe- 
tition of  curve  3,  diagram  C.  It  will 
be  seen  that  the  maxima  and  minima 
of  the  one  correspond  exactly  with 
those  of  the  other,  and  we  are  there- 
fore entitled  to  conclude  that  the  two 
phenomena  are  intimately  connected, 
and  that  the  causes  which  produce 
variations  in  the  intensity  of  solar  radiation  also  affect  the 
diurnal  oscillations  of  the  magnetic  needle. 

It  was  supposed  by  Sir  William  Herschel  that  the  emission 
of  heat  from  the  sun  varied  according  to  the  greater  or  less 
frequency  of  solar  spots,  and  he  attempted  to  support  this 
view  by  a  comparison  of  the  prices  of  grain  in  years  when 
the  solar  spots  were  numerous,  with  those  in  years  when  few 
pr  no  spots  were  seen;  but  this  kind  of  evidence  was 
generally  regarded  as  unsatisfactory,  and  it  is,  I  believe,  now 
generally  admitted  by  meteorologists  that  the  many  valu- 
able series  of  thermometrical  observations  which  have  since 
been  made  in  various  localities,  have  hitherto  failed  to  afford 
any  decided  indications  of  a  periodical  change  in  the  element 
of  mean  annual  temperature.  The  question  therefore 
naturally  arises,  if  the  intensity  of  solar  radiation  varies  in 
a  period  corresponding  with  the  period  of  solar  spot  fre- 
quency, why  does  not  the  element  of  mean  annual  tempera- 
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ture  exhibit  a  similar  periodical  change  ?  For  the  present,  I 
will  merely  suggest  that  a  clue  to  the  correct  explanation  of 
this  apparent  anomaly  may  perhaps  be  found  in  the  conclu- 
sion at  which  Professor  Forbes  arrived  from  a  discussion  of 
his  observations  made  in  Switzerland,  in  conjunction  witii 
Professor  Kaemtz,  on  the  intensity  of  solar  radiation  at 
different  elevations  in  the  atmosphere,  namely,  that  the 
heating  rays  of  the  sun  consist  of  two  kinds, — one  kind,  of 
high  intensity,  which  suflPers  little  or  no  loss  in  passing 
through  the  atmosphere;  and  the  other,  of  much  lower 
intensity,  and  therefore  much  more  absorbable.  Now,  if 
we  suppose  that  the  relative  quantities  of  the  two  kinds  of 
rays  undergo  periodical  changes,  such  that  the  maximum  of 
the  one  corresponds  to  the  minimum  of  the  other,  "it  will  be 
evident  that  when  the  lower  strata  of  the  atmosphere  receive 
less  heat  by  absorption,  owing  to  a  diminished  supply  of  the 
rays  of  low  intensity,  the  ground  will  receive  more  from  the 
simultaneous  increase  in  the  quantity  of  the  rays  of  high 
intensity,  and  this  being  communicated  to  the  lower  atmo- 
sphere by  conduction  and  convection,  as  well  as  by  radiation 
upwards,  will  restore  the  equilibrium,  and  tend  to  produce 
uniformity  in  the  mean  annual  temperatures. 

On  a  former  occasion  I  urged  the  desirability  of  giving 
more  attention  than  has  hitherto  been  done  to  the  oscil- 
lations of  mean  daily  temperature,  and  have  shown,  in 
the  present  discussion,  their  importance  in  connection 
with  the  subject  of  solar  radiation.  I  may  now  add 
that  they  appear  to  have  an  intimate  connection  with 
magnetic  phenomena.  Among  the  tables  given  by  the 
Astronomer  Royal  in  the  volume  of  Greenwich  observations 
for  1859,  is  one  showing  the  monthly  mean  horizontal 
magnetic  force  at  Greenwich  for  the  nine  years  1849-1857, 
corrected  for  secular  variation.  The  line  No.  2,  in  diagram 
E,  is  a  projection  of  the  numbers  in  this  table,  and  the  line 
No.  1,  in  the  same  diagram,  shows  the  monthly  mean  daily 
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oscillations  of  temperature.  It  will  be  seen  that  every  rise 
or  fall  in  one  curve  has  a  correspond- 
ing rise  or  fall  in  the  other.  It  is,  in 
fact,  mre  to  meet  with  so  close  an 
agieement  between  curves  represent- 
ing phenomena  so  widely  different  as 
the  earth's  horizontal  magnetic  in- 
tensity and  the  mean  daily  tempera- 
ture of  the  atmosphere. 

The  conclusions  arrived  at  from  this 
discussion  may  be  briefly  recapitu- 
lated as  follows : — 
Ist. — That  the  calorific  intensity  of  the  sun's  light  is 
subject  to  periodical  changes,  the  maxima  and  minima  of 
which   coiTespond   respectively   with   those   of  solar  spot 
firequency. 

2nd. — That  the  intensity  of  a  ray  of  direct  sunlight  on 
its  ai-rival  at  the  earth's  surface,  in  the  latitude  of  Oxford, 
is  greater  in  April  and  September  than  in  June,  when  the 
sun's  meridian  altitude  is  greatest. 

3rd. — ^That  the  curve  representing  the  mean  monthly 
values  pf  solar  ludiation  on  cloudless  days  has  its  times  of 
maxima  and  minima  corresponding  with  those  of  the  curve 
representing  the  mean  monthly  diurnal  ranges  of  the  mag- 
netometer. 

4th. — It  seems  probable  that  the  heating  rays  of  the  sun 
consist  of  two  kinds  di£fering  considerably  in  intensity,  and 
being  subject  to  periodical  changes,  the  times  of  maximum  of 
one  kind,  and  those  of  minimum  of  the  other,  corresponding 
respectively  to  the  times  of  maximum  frequency  of  solar 
spots. 

5th. — ^That  the  oscillations  of  mean  daily  temperature  are 
intimately  connected  with  the  changes  which  take  place  in 
the  earth's  horizontal  magnetic  intensity. 

I  have  said  that  the  results  derived  from  the  Greenwich 
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dbservations  of  solar  radiation  were  anomalous  and  nnsatis- 
&ck)ry.  It  may,  therefore,  be  necessary  to  state  that  these 
observations  appear  to  have  been  made  under  cy*cumstajices 
not  favourable  to  the  accurate  determination  of  the  int^isity 
of  solar  radiation  at  all  seasons  of  the  year.  The  vaJues 
derived  from  them  appear  to  be  too  high  in  summer,  o^ 
too  low  in  winter.  Take,  for  instance,  any  winter  month, 
say  December,  1857.  The  mean  di£5exence  for  the  montii 
between  the  maximum  in  sun  and  the  maximum  in  shade 
was  only  I'T*" :  at  Oxford,  it  was  61°.  The  highest  value 
during  the  month  was  4*5°  at  Greenwich :  at  Oxford,  it  was 
19'0°.  At  Greenwich  there  were  only  seven  days  on  which 
the  difference  exceeded  3-0° :  at  Oxford  there  were  seven- 
teen. And  yet  at  Greenwich  the  month  was  unusually  fine 
and  dry,  only  0*56  of  an  inch  of  rain  fell,  and  several  days 
appear  to  have  been  nearly,  if  not  quite,  cloudless.  U|]ider 
these  circumstances,  it  is  difficult  to  understand  why  the 
black-bulb  thermometer,  if  properly  exposed,  did  not  register 
nmch  greater  differences.  In  1859  there  was  a  remarkable 
and  unaccountable  falling  off  in  the  summer  values,  and  the 
mean  for  the  year  was  decidedly  lower  than  the  mean  of 
any  <rf  the  tluree  preceding  years;  but  at  Oxford  it  was 
hi^er.  I  can  only  account  for  this  remarkable  difference 
by  supp)sang  >that  some  change  was  made  in  the  position  of 
the  solar  radiation  thermometer  at  Greenwich  in  the  early 
part  of  the  year. 

From  the  beginning  of  1860  to  th^  end  of  1864  the  obser- 
yations  at  Greenwich  were  made  with  a  black  bulb  ther- 
mometer in  vacuo,  and  it  is  satisfactory  tp  find  that  Uxe 
course  of  the  aniwial  means  is  in  tolerably  fair  agreement 
with  that  of  the  results  obtained  at  Oxford  with  the  ordinary 
blad^  bulb  thermonj^ter. 

"Solar  Radiation  Observations,  made  at  Old  Trafford, 
Manchester,"  by  G.  V.  Vernon,  F.R.A,S..  F.M.S. 

Mr.  Joseph  Baxendell,  F.RA.S.,  having  at  a  recent  meet- 
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ing  of  the  Physical  Section,  read  a  paper  on  this  subject 
showing  some  peculiarities  of  the  distribution  of  Solar 
Radiation  throughout  the  year,  I  have  at  his  suggestion 
reduced  and  tabulated  my  observations  bearing  upon  this 
point  down  to  the  end  of  1866,  making  eleven  years  in  alL 
Unfortunately  the  month  of  August  is  deficient  in  six  years 
out  of  the  eleven.  The  observations  were  made  with 
Negretti  and  Zambra's  patent  masdmum  thermometers, 
neither  thermometer  having  any  index  error,  but  reading 
correctly  with  the  standard  throughout  the  scala 

Taking  the  differences  between  the  mean  maximum 
black  bulb  reading  in  the  sun,  and  the  mean  maximum 
reading  in  the  shade  for  each  month,  we  find  a  minimum  in 
December  and  a  maximiun  in  July.  The  maximum  occurs 
in  the  warmest  month,  but  the  minimum  appears  to  occur 
some  time  before  the  coldest  month  arrives,  viz. :  January. 
If  we  take  the  differences  between  one  month  and  the  suc- 
ceeding one  we  find  the  following  values : 

January  to  February +  2'02 

February  to  March +  4'64 

March  to  April +  406 

April  to  May  +  1-67 

May  to  June  —  0*09 

June  to  July   +0-66 

July  to  August  —  2-39 

August  to  September —  2*07 

September  to  October — 3*46 

October  to  November —  3-21 

November  to  December —  1'32 

December  to  January +  0*59 

From  my  observations  the  greatest  increase  in  the  amount 
of  solar  radiation  appears  to  take  place  in  March,  and  nearly 
as  much  in  April,  afterwards,  up  to  July,  the  warmest 
month,  the  increase  is  remarkably  small,  and  in  June  shows 
a  slight  amount  of  decrease.     These  figures  do  not  quite 
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agree  with  those  deduced  firom  ike  Oxford  obseryatioBB 
by  Mr.  Baxendell,  but  they  very  clearly  confiim  the  fact 
that  a  large  amount  of  solar  heat  is  dispersed  in  some  WAy, 
and  without  a  corresponding  effect  upon  the  thermometer 
or  the  difference  betwe^i  the  nm;gimiiiin  in  the  sun  and  the 
maximum  in  the  diade  would  show  a  laige  increase  in  the 
months  of  mAYimnm  temperatuxe. 

Ilie  greatest  effect  of  GK^ar  Tadiation,  therefore,  appeacr  to 
ocomr  in  the  spring,  and  this  is  in  aceordanee  with  the  veacy 
rapid  growth  <^  vegetation  we  often  see  suddenly  take 
place  in  early  spring. 
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"A  Comparison  of  Solar  Radiation  on  the  Grass,  and  at 
Six  Feet  from  the  Ground,"  by  Thomas  Mackebeth, 
F.RA.S.,  F.M.a 

As  the  Corporation  of  the  Borough  of  Salford  has  recently 
erected  a  structure  in  front  of  the  ToTra-Hall  for  meteor- 
ological purposes,  and  as  no  better  position  could  be  found 
for  the  solar  radiation  thermometer  than  on  the  apex  of  the 
roof  of  the  shade-stand,  which  is  six  feet  from  the  ground, 
I  fixed  a  similar  thermometer  in  a  similar  position  at  Ecdes 
in  order  that  I  might  institute  a  comparison  of  solar  radia- 
tion between  Eccles  and  the  Borough.  Though  I  antici- 
pated very  different  results  from  a  thermometer  thus  placed, 
than  I  had  found  from  a  similai-  thermometer  placed  upon  the 
grass,  I  was  not  prepared  to  find  them  so  widely  different 
as  I  shall  here  present  them.  The  instruments  used  are 
the  ordinary  exposed  black-bulb  self-registering  thermome- 
ters, duly  compared.  I  have  also  added  a  column  of  com- 
parison from  results  obtained  by  a  self-registering  black- 
bulb  thermometer  placed  in  vacuo  on  the  grass.  The  obser- 
vations are  for  the  month  of  October  only,  the  only  complete 
month  in  which  all  the  instruments  have  been  used. 
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67-3 

68-2 

-10-9 

620 

—  6-2 

«    20 

60-6 

68-9 

-  8-4 

64-4 

—  4-6 

„    21 

60-0 

63-8 

-  3-8 

631 

—  0-7 

,,     22 

72.8 

821 

-  9-3 

79-8 

—  2-8 

„    28 

640 

64-8 

■  0-8 

65-6 

+  0-8 

„    24 

64-2 

66-4 

-  1-2 

660 

--  0-6 

»    26 

51-8 

52-5 

-  0-7 

680 

+  0-6 

»    26 

62-0 

69-3 

-  7-3 

66-3 

—  40 

„     27 

50-3 

51-4 

-  11 

53-7 

+  2-8 

„     28 

62-6 

61-9 

-  9-3 

68-7 

—  3-2 

„    29 

69-4 

65-4 

-  60 

620 

—  3-4 

,,    80 

610 

68-8 

-  7-8 

670 

—  1-8 

„    31 

68-8 

64*8 

- 

-  6-5 

64-2 

—  0-6 

Mean... 

690 

62-9 

+  3-9 

64-6 

+  1-7 

It  appears  therefore  that,  for  the  month,  at  a  position  sik 
feet  above  the  ground,  there  is  a  mean  difference  of  solar 
influence  of  nearly  4  degrees  above  that  upon  the  grass;  and 
in  some  extreme  instances  the  difference  has  been  from  10 
to  nearly  12  degrees.  A  thermometer  placed  in  vacuo  on 
the  grass  has  only  exceeded  this  difference  by  1*7  degree. 
These  results  show  how  important  it  is  that  some  definite 
principle  should  be  adopted  in  the  placing  of  solar  thermo- 
meters, as  certainly  no  comparison  can  be  made  between  the 
amount  of  solar  radiation  at  any  two  or  more  places,  imless 
some  common  plan  of  placing  the  instruments  be  adopted. 
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PHYSICAL  JLSD  MAXHEMAnOAL  SEOnOlT. 

October  101ih,;1867. 

Jo^PH  Baxendell,  F.K,A-S.,  Vice-President  of  the  Section, 
isr.the  Chair. 

'^On  Solar  JMiation,"  l?y  J,  Baxendell,  F JLAjS. 
^  [This  paper  was  afterwards  read  at  the  Ordinary  Meetiiig 
of  the  Society,  held  Noveipber  26th,  1867,  see  page  36.] 

November  7th,  1867. 

Robert  WoRTHiNaTON,  F.R  A-S.,  President  of  the  Section, 
in  the  Chair. 

''A  Comparason  of  Solar  Eadiation  on  the  Grass,  and  at 
Six  feet  from  the  Ground,"  by  Thomas  Mackebeth,  F.RA.S. 

liThis  paper  was  afterwards  read  at  the  Ordinary  Meeting 
of  the  Society,  held  November  26th,  1867,  see  page  50.] 

"Note  on  the  Colour  of  the  Moon  during  Edipses,"  by 
A.  Brothers,  F.RA.S. 

On  the  night  of  October  4th,  1865,  there  was  a  partial 
edipse  of  the  moon,  when  about  one-third  of  the  disc  was 
obscured.  My  time  and  attention  on  this  occasion  were 
chiefly  directed  to  some  Photographic  experiments,  and  it 
will  be  remembered  I  then  obtained  pictures  of  the  eclipse 
at  short  intervals,  from  the  commencement  to  the  end. 
At  about  the  greatest  phase  I  looked  at  the  moon  through 
the  telescope  with  an  ey^  piece  of  low  power,  for  the 
purpose  of  noticing  whether  the  eclipsed  portion  showed 
colour,  and  at  once  saw  that  the  part  of  the  moon  most 
deeply  within  the  shadow  was  of  a  decided  copper  colour, 
such  as  I  had  seen  some  years  previously  during  a  total 
eclipse  of  the  moon. 

The  .eclipse  which  occurred  on  the  night  of  the  13th 
September  last,  was  rather  more  favorable  for  detecting 
the  presence  of  colour,  as  seven-tenths  of  the  moon  wer« 
covered  by  the  earth's  shadow;  the  weather  being  clear 
many  persons  have  recorded  their  observations,  and  as  the 
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ooleur  <tf  the  moan  is  oae  pf  thecbieftleatwesof  aliu^ar 
edipee,  this  point  attracted  consideralde  attention. 

Mr.  Browning  says,  in  a  letter  wihidi  appeared. in. the 

AstrowKwniffll  B^ister^--'U  lQQ^;ed.inofit  cace&iUy  fpr  colour 

)both  with  the  lOiiflilverQdglws  reflector  liurmshed  with 

han .  adiranatic  ey^oeoe  of  very  low  pawer>  axvi.al9o.with 

aafiwrfeetrefeadwr;  withi»ather<XM*hi  I.d«t^,a  trace." 

Mr.  Slack  who<  was  also  ^i^a^rying  with  a  aiilyec^  jglass 
Bejlector,  and  in  the  same  locality  as  Mr,  Browning  sj|,yp,T- 
" After  12,  the  edipsed  Itob.grew  ,»oti(»al>ly  redder,. the 
Tod  coppery  tint  chiefly  a^SEectad  the  lower  parts. of  the 
obaoiired  limb,  but  was  visible  further  in,gi:aduaXly  blending 
with  the  inky  tintq  presented  by  the  ,ujabi:a  ,at  its  adyai^cing 
e(%e.— (Int.  Obs.  October.) 

Mr.  .Weston,  observing  .at  I^wodsdown,  near  Bath,  says,^ — 
"The  prevailing  colours  wece  red-bhrish  and  grey,  (md 
grey ; .the  redness  increased  towards  .tibe  d^rkenetd  edge  of 
,the  mooa" — (Monthly  Not.  9— xxrii) 

Many  other  observers  speak  of  the  presenoe  of  colour,  but 
on  the  other  hand  a  few  say  they  did  not  notice  any,  the 
edipsed  portion  of  the  moon  merely  having  a  darkened 
appearance. 

On  this  occasion  I  did  not  make  any  Photographs,  as  I 
oould  not  expect  results  materially,  differing  irom  the  last^ 
and  I  gave  my  whole  attention  to  obs^rvi^g  tiie  progress  of 
the  edipse  through  the  telescope,  which  is  a  re&actor  of 
5  inches  aperture.  As>  to  the  question  of  the  presence  of 
colour,  I  can  most  distinctiy  say  that  colowt  gave  the  moon 
a  very  beautiful  appearance,  and  it  seemed  to  me.  the  most 
interesting  feature  of  the  eclipsa  The  beauiy  of  the  moon's 
surface  appeared  to  increase  as  the  penumbral  shadow  stole 
over  its  surface,  and  until  the  shadow  itself  was  considerably 
advanced,  all  the  details  of  the  lunar  surjbrce  could  be 
distinctly  made  out,  and  during  the  .whole  period  of  the 
eclipse  some  of  the  brighter  points  of  .light  within  the 
shadow  continued  visible,  as  did  al^  .the .  oivti^  4i^  ^^f^})^ 
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many  of  the  details  of  light  and  shade.  The  colour  of  the 
eclipsed  limb  was  of  a  coppeiy  hue,  much  brighter  towards 
the  part  most  deeply  within  the  shadow.  The  part  of  the 
moon  not  eclipsed  was  of  a  beautiful  bluish-grey  colour. 

That  the  appearance  of  colour  cannot  be  caused  by  the 
telescope  or  by  peculiarities  in  the  eyes  of  the  observers  ia» 
I  think,  proved  by  the  fact,  that  the  same  colours  are  seen 
whether  refiractors  or  reflectors,  either  of  metal  or  silvered 
glass,  be  used;  and,  as  the  majority  of  observers  see  colour, 
the  eyes  of  those  who  remark  the  absence  of  it  are  perhaps 
temporarily  afficted  with  colour  blindness; — the  bright  light 
from  the  unecUpsed  portion  of  the  moon  may  be  sufficient  to 
produce  this  in  some  persons.  If  an  observer,  after  looking 
at  the  moon  through  the  telescope,  attempts  to  look  at  objects 
while  the  other  eye  remains  closed,  it  will  be  found  that 
until  the  retina  has  recovered  frx>m  the  excess  of  light 
everything  will  appear  misty — ^in  fact,  the  eye  is  partially 
blinded,  and  it  may  be  that  some  eyes  are  sufficiently 
sensitive  to  be  affected  by  the  diminished  lustre  of  the 
moon,  and  may  thus  be  prevented  seeing  colour,  which 
there  can  be  no  doubt  the  lunar  surface  presents  during 
an  eclipse. 

Some  observers  have  remarked  on  the  difficulty  of  detect- 
ing the  first  appearance  of  the  shadow,  and  although  the 
exact  time  is  known,  the  real  shadow  is  not  seen  until  many 
seconds  or  perhaps  minutes  after  the  predicted  time.  In 
the  present  instance,  I  watched  very  carefully  for  the  first 
appearance  of  the  shadow,  and,  having  previously  ascertained 
the  error  of  my  watch,  I  took  my  position  at  the  telescope, 
at  the  same  time  I  requested  a  friend  to  take  particular 
notice  of  the  time  at  the  moment  I  saw  the  shadow.  The 
result  thus  obtained  was  within  twenty  seconds  of  the  tinie 
given  in  the  Nautical  Almanac,  clearly  showing  that  under 
favourable  conditions,  and,  if  the  attention  be  given  care- 
ftdly  to  the  subject,  the  real  shadow  may  be  detected  very 
near  the  predicted  time. 
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Ordinary  Meeting,  December  10th,  1867. 

Edward   Schunck,  Ph.D.,  F.RS.,   &c.,   President,  in  the 

Chair. 

Mr.  Samuel  Broughton  was  elected,  an  Ordinary  Member 
of  the  Society. 

"  On  the  Age  of  the  Haematite  Iron  Deposits  of  Fumess," 
by  E.  W.  BiNNEY,  F.RS.,  F.G.S. 

The  great  value  of  the  vast  deposits  of  heematite  iron  ore 
found  in  the  Carboniferous  Limestone  of  North  Lancashire, 
and  in  a  similar  position  near  Whitehaven,  in  Cumberland, 
renders  any  information  as  to  the  date  of  their  formation  of 
considerable  impoi*tance.  There  is  no  doubt  that  the  Car- 
boniferous Limestone  was  first  formed  in  most  instances. 
Hollows  were  then  made  by  some  agency,  whether  by 
aqueous  or  atmospheric,  or  both  agencies,  it  is  not  necessary 
here  to  inquire ;  but  most  of  the  cavities  bear  evidence  of 
some  erosive  action,  their  sides  being  more  like  old  valleys 
6r  watercourses  than  simple  fissures.  The  next  question  to 
be  considered  is  when  were  these  hoUows  fiUed  with  the  iron 
ore  ?  No  one  who  has  investigated  the  subject  would 
estimate  their  age  so  late  as  the  date  of  the  Magnesian  Lime- 
stone, but  some  eminent  geologists  have  supposed  them  to 
have  been  formed  during  the  Lower  Permian  period,  whilst 
others  have  adduced  reasons  for  believing  that  they  had 
been  formed  during  the  Carboniferous  epoch.  There  is  very 
little  doubt  but  that  large  deposits  of  iron  have  been  met  with 
in  both  these  formations,  some  of  Carboniferous  and  others 
of  Permian  age,  but  our  present  enquiry  is  the  geological  age 
of  the  hsematite  iron  ores  of  Fumess. 
PBOOBBDnree—LiT,  &  Phil.  Sooibtt — ^Vol.VII. — No.  5.— SxsaiON,  1867-8. 


In  two  memoirs  printed  in  the  Transactions  of  this 
Society,  namely,  in  Volumes  VIII.  and  XII.  (second  series), 
he  had  described  deposits  of  haematite  iron  ore,  and  given 
his  reasons  for  believing  that  they  had  their  origin  during 
the  Carboniferous  epoch,  and  were  deposited  in  erosions  of 
the  Mountain  Limestone  in  some  instances,  or  in  others 
interstratified  in  regular  beds  in  the  Lower  Coal  Measures 
like  seams  of  coaL  Long  after  his  papers  had  been  printed. 
Sir  R  I.  Murchison,  Bart,  F.RS.,  and  Professor  Harlme83, 
F.RS.,  in  a  Memoir  on  the  Permian  Rocks  of  the  North 
West  of  England,  printed  in  Volume  XX.  of  the  Quarterly 
Journal  of  the  (Jeological  Society,  at  page  152,  say,  "  The 
mode  in  which  that  valuable  ore  of  iron  hcematite  is  found 
deposited  in  pre-existing  cavities  of  the  carboniferous 
formation,  and  sealed  up  by  Crab  RoCk  (Permian  breccia)  is  a 
matter  of  great  geological  interest  Joints,  fissures,  and 
caverns  were  doubtless  formed  in  the  older  rocks  antecedent 
to  the  deposition  of  the  Permian  strata,  and  in  these  the 
ores  of  iron,  so  widely  diffused  throughout  the  Permian 
rocks,  have  in  this  portion  of  the  north-western  region 
assumed  the  character  of  haematite.  This  circumstance 
justifies  the  inference  that  these  haematite  ores  are  the 
result  of  an  agency  which  ushered  in  the  Permian  epoch. 
The  earlier  rocks  of  both  England  and  Scotland  are  strongly 
impregnated  with  iron,  their  composition  consisting  prin- 
cipally of  silica  and  an  oxide  of  this  metal  This  latter 
substance  originated  from  the  same  source  which,  during 
the  commencement  of  the  deposition  of  the  Penrith  sand- 
stones, filled  up  the  fissures  in  the  Carboniferous  Limestone. 
This  conclusion  is  applicable  not  only  to  the  Ulversione 
district  but  also  to  that  of  Cleator,  south-east  of  Whitehaven, 
where  valuable  deposits  of  haematite  are  also  obtained  from 
the  cavities  and  fissures  in  the  Carboniferous  limestone, 
which  at  one  time  was  here  covered  over  by  an  extension 
of  those  Permian  breccias  and  sandstones,  now  forming  an 
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eBcarpment  a  short  distance  west  of  CHeator  Moor.  This 
inference  concerning  the  Permian  age  of  the  hsematite  had 
been  arrived  at  by  Professor  Phillips,  who,  in  a  communica- 
tion to  the  British  Association,  of  which  a  short  abstract 
was  published  (Report  of  Brit.  Ass.  1858,  Trana  Sects, 
p.  106),  illustrated  his  opinions  by  maps  and  drawings." 

'JTie  authors  of  the  paper  illustrated  their  views  in  a 
section  from  Park  to  Fumess  Abbey,  shown  in  a  woodcut 
exhibiting  two  vertical  fissures  in  the  limestone  rock,  filled 
with  hsBmatite  and  covered  up  with  breccia  or  crab  rock. 
Now  this  undoubtedly  shows  that  the  limestone  rock  was 
first  formed,  then  that  the  fissures  or  erosions  were  made 
and  subsequently  filled  with  hsematite.  But  at  what  time  the 
latter  process  took  place,  whether  during  the  Caj*boniferous 
or  Permian  epoch  no  evidence  is  adduced  by  the  authors 
further  tiian  that  the  beds  of  haemai^te  are  there  covered 
up  by  Permian  breccia,  and  some  of  the  latter  has  been 
introduced  into  tke  fissures.  It  has  been  generally  supposed 
by  geologists  that  at  the  dose  of  the  Carboniferous  epodli 
great  convulsions  took  place  in  the  earth's  crust,  and  large 
quantities  of  iron  were  ejected  from  its  interior.  Now,  the 
tJbree  authors  previously  named  are  recognised  authorities 
on  the  age  g£  haematite  iron  ores,  and  their  opinions  deserve 
great  attention.  When  his  papers  were  written,  conclusive 
evidence  could  only  be  given  of  the  age  of  the  haematite 
iron  of  Ipstones,  in  Staffordshire,  which  was  clearly  inter- 
stratified  in  the  Lower  Coal  Measmes  between  the  iRoug^ 
Bock  or  Upper  Millstone  of  Professor  Hiillips  and  the 
Geological  Survey  and  the  Gannister  coal.  Some  years 
since,  Mr.  Bolton,  of  Swarthmoor,  near  Ulverstone,  showed 
him,  amongst  other  fossils,  a  beautiful  specimen  of  Siffiiixxria 
vascularis,  exhibiting  both  its  external  cliaracters  and 
internal  structure,  quite  as  perfect  in  every  respect  as  the 
specimens  found  in  the  Gannister  or  Hard  coal  at  Halifax  or 
ihe  Bullion  aeapa  of  Busnley,  all  oo^nverted  into  heemotite 
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iron.  At  that  time  no  doubt  existed  in  his  mind  of  its 
having  come  from  one  of  the  Furness  iron  mines,  but  Mr. 
Bolton  could  give  him  no  proof  of  the  exact  locality  where  it 
was  found.  At  a  meetingof  theManchesterGeologicalSociety, 
held  on  the  30th  May,  1866,  he  gave  his  opinion  of  the  value 
of  tins  fossil  as  indicating  the  carboniferous  age  of  the 
haematite  iron  ores  of  Furness.  These  specimens  have  been 
kindly  lent  him  by  Mr.  Swainson,  of  Newland,  their  present 
owner,  and  were  exhibited  on  the  table  for  exaininatioB. 
With  them  were  some  other  interesting  specimens  from  the 
cabinet  of  Miss  E.  Hodgson,  of  Ulverstone,  a  lady  well 
known  for  her  acquaintance  with  the  geology  of  Furness, 
and  who  procured  the  specimens  now  exhibited  fix)m  ilie 
Water  Blain  Mines,  west  of  the  Duddon.  They  do  not 
exhibit  their  external  characters  so  well  as  Mr.  Swainson's 
specimens  do;  but  one  is  a  Stigmaria,  the  root  of  SigiUaria^ 
and  another  a  Lepidodendron,  two  common  coal  plants, 
which  indicate  the  carboniferous  age  of  the  deposit  in 
which  they  were  found  as  clearly  as  any  fossil  organic  re- 
mains can  do.  There  is  no  doubt  about  the  locality  of 
Miss  Hodgson's  specimens.  They  came  from  the  Wat^ 
Blain  Mines,  and  plenty  more  may  be  obtained  from  the 
same  place.  They  are  all  converted  into  good  haematite 
iron,  that  substance  having  metallized  them  in  a  similar 
way,  as  we  find  plants  in  the  Coal  Measures  converted  into 
the  carbonate  of  the  protoxide  or  the  bisulphide  of  iron  or 
carbonate  of  lime. 

It  was  not  his  intention  here  to  attempt  to  ^ve  any  ex- 
planation of  the  process  by  which  the  original  ligneous 
structure  of  the  plant  has  been  removed  and  replaced  by 
per-oxide  of  iron,  that  is  a  subject  better  fitted  for  the 
chemist  than  the  geologist 

Now  the  discovery  of  common  coal  plants  not  only 
embedded  in  but  actually  formed  of  haematite  iron,  surely 
indicates    the  carboniferous  age  of  the  deposits  in  whidi 
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they  are  now  found  as  dearly  as  it  well  can  be,  for  the 
plants  must  have  been  floated  in  with  the  water  which 
brought  the  iron,  or  else  they  must  have  fallen  into  the 
cavities  when  such  were  open  at  the  tpp,  and  the  irop  w^ 
in  a  soft  state.  Of  course,  the  occurrence  of  sucji  fossil 
plants  as  Sigillwria,  Lepidoderulron  and  dUaTnitif  occuning 
as  they  do  in  beds,  fiom  the  lowest  to  the  h^gjiest  carbone- 
ferous  strata,  would  give  little  e\ddence  of  jmy  particular 
part  of  that  epoch,  but  the  SigiUaria  vascularis  so  far  as 
yet  known  is  confined  to  the  lower  coal-field,  not  far  jn 
geological  position  from  the  Ipstones  haematite  previously 
alluded  to,  and  the  valuable  clay  band  ironstones  now 
wrought  at  Hazlehead,  west  of  Peniatone. 

The  deposits  of  haamatite  in  Fumess  and  Cumberland, 
found  in  hollows  of  the  Carboniferous  Limestone,  and  covered 
up  by  Till,  or  **  Pinel,"  as  it  is  locally  termed,  or  more  rarely 
by  Permian  breccia,  aresojnuoh  alike  in  all  their  cha4'acter8 
that  if  the -origin  and  age  of  one  of  them  are  clearly  proved 
those  of  the  rest  must  follow  almost  as  a  necessary  conse- 
quence. • 

W.  Brockbank,  F.G.S.,  agreed  with  Mr.  Binn^y,  that 
the  fossils  now  exhibited  were  valuable  illustrations  of 
the  age  of  the  deposits  of  haematite  ore  in  the  Fumess 
district;  but  they  did  not  afford  any  evidence  of  tlieir 
origin,  and  were  merely  brought  there  wi^h  the  other 
alluvium,  and  deposited  with  the  iron  ore,  in  the  pavities 
of  the  limestone.  The  Cumberland  district  afibrded  better 
opportimities  for  studying  tlie  origin  of  these  ores.  True 
veins  of  hsematite  occur  in  the  older  slates,  porphyries  and 
syenites  of  the  Lake  district.  Bed  Pike  derives  i,ts  name 
from  the  presence  of  veins  of  this  ore,  which  gives  the 
mountain  its  ruddy  aspect ;  and  iron  appears  to  have  b^en 
smelted  near  it,  in  the  time  of  the  Romans.  On  Slapk 
Comb^  Dent  Fell,  and  in  the  valleys  above  Bayenglass, 
veins  of  hsematite  occur  in  the  older  rocks,  and  are  wgriyed 
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to  a  small  extent,  and  the  ore  carted  down  to  the  railway. 
The  richest  deposits  however  occur  in  those  places  where 
clay  slate  is  overlaid  with  other  rocks,  and  principally  in 
the  carboniferous  limestone. 

In  the  Cleator  district  a  narrow  band  of  limestone, 
resting  upon  the  day  slate,  curves  around  the  flank  of 
Dent  Fell,  and  in  this  narrow  zone  most  of  the  iron  ore 
mines  of  the  "Whitehaven  district  occur.  The  ore  is  found 
generally  in  large  masses  or  pockets,  in  the  body  of  the 
limestone,  sometimes  in  contact  with  the  clay  slate,  and  at 
others  filling  cavities  and  clefts  to  the  surface,  and  covered 
by  alluvium.  The  limestone  is  at  places  overlaid  by  whirl- 
stone  or  millstone  grit,  and  the  ore  occurs  both  above  and 
below  this  rock.  In  one  remarkable  mine  the  ore  fills  a 
large  cavity  in  the  limestone,  and  is  covered  by  whirlstone, 
which  forms  a  perfectly  even  roof  over  a  large  area.  Where 
the  hsematite  occurs  near  the  clay  slate,  it  is  generally  hard 
and.  crystalline,  and  it  is  much  softer  and  less  ailiceons 
where  it  appears  to  have  been  deposited  in  the  limestone, 
or  by  alluvium,  causing  a  classification  in  this  district  into 
hard  and  soft  ores,  whereas  in  the  Fumess  district  they  are 
generally  of  the  soft  kind. 

In  considering  the  origin  of  these  ores,  we  must  go  back 
to  the  time  when  the  limestone  and  associated  rocks  of  the 
Carboniferous  period  had  been  formed  at  the  bottom  of  the 
sea,  and  were  raised  therefix>m  by  some  vast  force  of  up- 
heaval which  would  naturally  cause  great  denudation  and 
break  up  the  rock  into  clefts  and  fissures.  This  wonld 
appear  to  have  been  a  time  of  great  volcanic  or  at  any  rate 
of  metalliferous  activity,  and  the  two  mountains  of  Dent 
Fell  and  Black  Comb  bear  evidences  of  having  been  very 
active  centres  of  this  action,  and  their  upheaval  may  very 
possibly  have  been  connected  with  the  eruption  of  the 
haematite  ores.  It  is  therefore  probable  that  during  the 
early  part  of  the  Carboniferous  era,  the  hsematite  ores  were 


61 

formed  by  these  agencies,  and  by  the  denudations,  which 
were  vast  and  probably  frequent,  were  partly  removed  and 
deposited  in  clefts  and  cavities  wherever  they  were  canied. 
The  fossils  produced  by  Mr.  Binney  point  also  to  this  period 
in  the  Fumess  district,  as  that  in  which  the  ores  were  car- 
ried into  the  cavities  they  now  filL  The  two  mountains  of 
Dent  Fell  and  Black  Comb  appear  to  stand  as  a  line  of 
hsematite  ore  mines,  the  country  both  between  them  and 
on  their  line  north  and  southwards  being  dotted  over  with 
mines,  and  being  most  productive  in  their  immediate  vi- 
cinities. At  Hodbarrow,  immediately  at  the  foot  of  Black 
Comb,  occurs  one  of  the  richest  mines  yet  discovered.  It 
lies  in  a  cleft  of  limestone,  and  appears  to  be  more  like  a 
lode  or  vein  than  a  deposit,  and  is  immediately  upon  the 
shore  of  the  Duddon  estuary.  This  vein  has  been  found 
on  the  south  shore  of  the  estuary  just  opposite,  and  it  is 
fully  believed  that  it  is  continuous  through  the  sea.  The 
richest  mines  of  the  Fumess  district  are  also  immediately 
to  the  south  of  this  point.  The  principal  mines  of  Fumess 
are  deposits,  as  shewn  by  Mr.  Binney,  and  the  evidence  of 
the  Cleator  district  would  point  to  Black  Comb  as  a  very 
possible  source  for  their  origin. 

In  the  Cleator  district  the  Carboniferous  strata  are  at 
places  overlaid  unconformably  by  the  Permian  of  St.  Bees- 
Head,  and  in  the  lower  red  sandstone,  underlying  the  mag- 
nesian  limestone  and  conglomerate,  are  found  many  fossil 
plants,  which  are  generally  coated  with  red  ore  instead  of 
carbonaceous  matter.  The  conglomerates  of  St.  Bees  and 
Bougham  Point  also  contain  pebbles  of  haematite ;  both  facts 
pointing  again  to  denudation  of  hsematite  ore  during  the 
Permian  era. 


MIOBOSOOPICAL  AND    NATURAL    HI8TOBT  8£OpON. 

December  2nd,  1867. 

A.   Q.  Latham,  Esq.,  in  the  Cfcair. 

Mr.  Dancer  sent  for  exhibition  a  Revolving  Platform  for 
^e  Mievosoope,  similar  to  one  shown  by  Mr.  Hepworth  some 
yea«B  ago  at  a  meeting  of  the  Section ;  the  one  now  exhi- 
bited has  been  patented  in^  London.  He  also  showed  a 
Paper  Slide  Cabinet,  invented  by  Mr.  Piper,  of  London. 

"On  Plants  appearing  in  successive  years  on  land  prepared 
for  Plantations,  in  Cheshire,"  by  H.  A.  HuRST,  Esq.,  and 
George  Carter,  Esq, 

The  struggle  for  existence  between  man  and  his  fellow- 
man  hourly  going  on  in  all  populous  countries  has  long  been 
the  theme  of  the  historian,  and  forms  the  subject  matter  of 
the  science  of  political  economy.  It  is,  however,  but  recently 
that  Mr.  Darwin,  in  his  great  work  on  the  origin  of  species, 
has  shown  that  this  same  struggle  is  proceeding  with  per- 
haps greater  intensity  in  the  animal  and  vegetable  kingdom. 
With  greater  intensity  because  moral  force,  which  mitigates 
the  severity  of  the  conflict  among  the  human  race,  is,  as 
far  as  we  know,  wanting  in  purely  animal  and  vegetable 
organisms.  Man  would  recoil  from  destroying  an  aged 
pauper  merely  because  he  was  useless;  but  a  tree  must 
necessarily  destroy  most  plants  growing  under  its  shada 
It  has  no  power  to  do  otherwise.  Still,  the  truth  of  this 
theory  is  only  partially  admitted  and  its  foil  effect  hardly 
ever  realised  even  by  scientific  men. 

We  attribute  this,  in  a  great  measure,  to  the  recent  date  of 
its  promulgation  and  the  comparatively  few  facts  bearing  on 
the  subject  which  have  been  hitherto  accumulated.  Like 
Newton's  great  ideas,  it  will  be  left  to  the  foture  patient 
student  of  the  facts  of  natural  history  to  discover  the  many 
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proofs  existing  of  its  accuracy.  As  the  discovery  of  Neptune 
by  Adams  and  Le  Verrier  demonstrated  the  theory  of  gravi- 
tation, so  probably  at  some  future  day  will  the  truth  of 
Darwin's  assertion  of  the  antagonism,  as  opposed  to  the 
so-called  peace,  existing  in  nature  be  proved  by  the 
prediction  of  some  fact  in  botany  of  similar  importance. 
In  the  meantime,  it  is  the  duty  of  all  lovers  of  natiu^al 
history  to  go  on  quietly  accumulating  facts  bearing  on  the 
subject;  and  we  therefore  submit  to  your  consideration 
the  following  observations,  not  as  being  in  themselves  of 
any  value,  but  as  affording  an  instance  of  this  great  struggle 
for  existence  going  on  in  the  vegetable  world  observed 
under  unusually  favourable  conditions. 

In  Tatton  Park,  Knutsford,  it  hsA  been  the  practice  for 
the  last  few  years  to  dig  up,  enclose,  and  plant  with  young 
trees  each  December,  about  an  acre  of  land. 

The  size  of  the  trees  planted  is  so  smaU  that  the  effect  on 
the  vegetation  around  may,  at  least  for  some  years,  we  think, 
be  neglected  without  any  error  of  magnitude  being  intro- 
duced into  our  results.  Hence  we  have  plots  of  land  placed 
before  us  at  intervals  of  one,  two,  three  years  in  a  state  of 
nature — ^the  disturbance  of  deer,  cattle,  &;a,  and  especially 
man,  carefully  guarded  against  These  appear  to  be  favour- 
able circumstances  for  the  discovery,  if  not  of  the  indigenous 
plants,  at  all  events  of  those  which  would  eventually  obtain 
possession  of  the  land  of  the  district,  were  it  left  in  a  state 
of  nature. 

We  have  not  thought  it  necessary  to  go  farther  back  than 
four  years,  because  at  that  period  the  question  appears  to  be 
decided,  and  the  trees  artificially  planted  had  then  acquired 
a  hdght  which  would  affect  the  conditions  of  the  problem. 

The  plots  were  examined  at  two  periods — January  and 
the  end  of  July,  1867. 

The  site  is  on  what  is  called  in  the  Ordnance  Gfeological 
Survey,  the  Upper  (Keuper)  Red  Marl  of  the  New  Bed 


Saadstone,  aad  ha«  an  easterly  aapeet    TbB  grcnmd  iM  dug 
two  spades  deep,,  and  is  a  light  sandy  soil 

The  young  trees  planted  in  each  plot  oomprise  Lar^, 
Spruce,  Scotch  Fir,  Oak  and  a  few  Sycamore. 

No.  1.     Cleared  January ,  1867. 


repens,      >  l 
bulbosus,  }  I 


19.  Ranunculus  acris, 

^. 

21. 

as.  Capsella  Bursa  Pastoris. 
136.  Viola  arvensis. 
218.  Hypericum  humlfusum. 
267.  Trifolium  repens. 
332.  Potentilla  TormeDtiUa 
588.  Taraxacum  officinale. 
643.  Senecio  vulgaris. 
671.  Adiillea  Millefolium. 


21  species.     Tbe  ground 


800.  Anagallis  vulgaris,  red  flow- 
er, in  great  abundance. 
Chenopodium  album,  one 

plant. 
Polygoniun  lapathifoUuin. 
„         aviculare. 
„  convolvulus. 

Rumex  Acetosella. 
Juncus  bufonius. 
Scitpus  setaceus,  one  plant. 
Holcus  laoatus,  Hufts  here 
„     moUis,  jaadUiflia 

not  one  eighth  covered. 


914. 

934. 

939. 

941. 

952. 
1162. 
1186. 
1313. 
L314. 


No.  2.     Cleared  January ^  1866. 


88.  Arabis  Thaliana 
136.  Viola  arvensis. 
168.  Sagina  procumbens. 
1S5.  Stellaria  media 
189.         „       uliginosa. 
193.  Gerastium  triviala 
218.  Hypericum  humifusum. 
267.  Trifolium    repens,    more 
numerous  than  in  No.  1. 

282.  Trifolium  minua 

283.  Lotus  corniculatus. 
291.  Omithopus  perpusillua 
997.  Vicia  Craeca 

332.  TormentiUa  potentilla 

517.  Galium  saxatile. 

588.  Taraxacum  officinale.  . 


671.  Achillea  Millefolium. 
675.  Campanula  rotundifolia. 
Veronica  officinalis. 
Digitalis  purpurea 
Prunella  vulgaris. 
Rumex  Aoetoseila,  in  large 
quantity,  disputing  tJbe 
ground  with  the  Boloi. 
Carex  proecox,  singleplant 
1271.  Anthoxanthum  odoratmn, 

scarce. 
1291.  Agrostis  vulgaria 

1313.  Holcus  lanatus,!^^ 

1314.  „      mollis,  J  'S.SBf 
1528.  Poa  annua. 


756. 
778. 
844. 
952. 


1251. 


1362.  LoUum  pereoney  acaxce. 
28  q[>ecies.     Holcus  lanatus,  mdlis  and  Humexaoetoaalla,  the 
predominant  j)lant(»,  stciiggU^  t^el^er  fpr  aupMWMS^. 


No.  3.     Cleared  January,  1865 

Fn  1866  Galium  suuitile  waft  a  yery  prominent  plant 

21.  Rauimculus  bulbosus.  756.  Yeronioa  officinalis. 

283.  Lotus  corniculatus.  952.  Rumex  acetosella^  strug- 

332.  Potentilla  TormentiUa.  ling  for  existence  against 

340.  Rubus  fruticosus.  the  HolcL 

617.  Qa]ium  saxatile.  1151.  Juncus  effusus. 

671.  Achillea  Millefolium.  1313.  Holcus  lanatus. 

750.  Veronica  serpjUifolia.  1814.       „       mollis. 

12  species.  Here  the  Holci  are  acquiring  possession  of  the  ground 
to  the  exclusion  of  other  speciea  R.  acetosella  alone  making  k 
feeble  struggle  against  them. 

No.  4.     Cleared  January y  1864. 

21.  Ranunculus  bulbosus.  944.  Rumex  crispus. 

283.  Lotus  corniculatus.  952.       „      Acetosella. 

332.  Potentilla  TormentiUa.  1151.  Juncus  effusus. 

339.  Rubus  IdoBua  1291.  Agrostis  vulgaris. 

340.  y,       fruticosua  1313.  Holcus  lanatus. 
588.  Taraxacum  officinale.  1314.       „       mollis. 
778.  Digitalis  purpurea.              1339.  Dactjlis  glomerata. 

14  species.  Here  Holcus  lanatus  and  mollis  cover  more  than 
seven-eighths  of  the  ground,  the  next  plant  in  number  being 
Rumex  Acetosella,  the  specimens  of  which  are  poor  and  stunted^ 
the  species  evidently  unequal  to  struggle  with  the  Holci. 

The  total  absence  of  Umbelliferae  in  all  these  plots  is  curious, 
especially  as  the  biennial  and  perennial  plants,  Rubus  fruti- 
cosus and  Digitalis  purpurea  appear  in  the  last  plot.  Perhaps 
the  UmbellifersB  require  the  presence  of  shade. 

From  the  above  lists  of  plants,'!  ^^  follows  that  the  first 
occupier  of  the  ground  in  majss  is  Rumex  AcetoseUa,  and 
that  it  continues  the  struggle  for  two  years  with  Holcus 
mollis  and  lanatus,  which  two  species  or  varieties  finally  usurp 
the  ground,  destroying  all  competitors  with  the  exception 
of  a  few  single  representatives  chiefly  of  biennial  plants. 

The  absence  of  any  species  of  Fumaria  and  Papaver  so 
common,  nay  almost  universal,  in  similar  situations,  appar- 
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ently  points  to  the  agency  of  man  in  distributing  these 
plants,  as  it  is  the  only  condition  wanting. 

The  nomenclature  here  adopted  is  that  of  the  London 
Catalogue  of  British  Plants  of  1867,  printed  by  Robert 
Hardwicka 

In  our  remarks  we  have  considered  the  whole  four  plots  as 
if  they  were  one  observed  at  diflTerent  periods ;  but  it  is 
obvious  that  this  is  not  absolutely  correct,  but  that  subse- 
quent investigations  will  be  required  to  confirm  our  con- 
clusions. 

Mr.  J.  SiDEBOTHAM  wrote,  stating  that  Polygonum  con- 
volvulus was  the  only  plant  which  grew  from  soil  obtained 
from  under  the  foundations  of  a  wall  built  some  thirty 
years  ago  at  Bowdon. 
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OrdiTicorv"  Meeting,  December  24th,  1867. 
K  W.  BiNNET,  F.RS.,  F.G.S.,  Vice-President,  in  the  Chair. 

"  Memorandum  on  the  Evaluation  of  Integrals,"  by  the 
Hon.  Chief  Justice  Cookle,  F.R.S.,  &c.,  of  Queensland. 
Communicated  by  the  Rev.  Professor  Harley,  F.RS. 

The  processes  indicated  in  my  paper  "  On  the  Conversion 
of  Integrals'**  admit  of  direct  application  to  certain  results 
which  Boole  attained  by  a  contemplation  of  the  researdies 
of  Mr.  Harley^  and  of  Mr.  Cayky.  The  object  of  this 
memorandinn  is  to  give  a  more  general  form  and  perhaps  a 
more  convenient  expression  to  a  portion  of  the  processes  of 
that  paper.  Thus  we  may  generalise  and  restate  (7)  by 
saying  that  if 

wherein  A,  a,  /3, .  .  f  are  functions  of  x  only  and  free  from 
V,  be,  when  v  is  treated  as  the  only  independent  variable,  a 
perfect  differential  coeffici(mt  with  respect  to  t;  of  a  ftinction 

/j,  then/^dv,  which  for  the  sake  of  brevity  we  may  replace 

by  y,  satisfies  the  linear  differential  equation  of  the  second 
order 

where  /2  is  obtained,  where  obtainable,  by  properly  assigning 

•  Phil.  Mag.  Suppl.^  July,  1867,  p.  537.  Art.  9  may  be  expunged  as  in- 
TolTing  an  error  of  compatation,  and  Art.  10  is  susceptible  of  a  perhaps  more 
general  expression. 

t  Mr.  Harley  and  I  bare  since  been  conducted  independently  to  a  generali- 
sation of  one  of  Boole's  results,  which  consists  in  applying  Boole's  process  to 
forms  of  trinomial  equations  other  than  that  discussed  by  him.  I  think  it 
right  to  say  that  Mr.  Harley'e  communication  to  me  on  the  subject  included 
his  demonstration  of  his  generalization,  mine  to  him  a  yerification  (or  perhaps 
two)  only. 

Pboohpikos — Lit.  k  Phil.  Society— Vol.  VTI. — No.  6.— Sbssion,  1867-8. 


the  five  ratios  of  the  six  indeterminates  A,  a,  /3,  . .  ?  and 
wherein  ]^  is  a  function  of  x  only  which  vanishes  when  liie 
integration  with  respect  to  v  is  definite.  If  we  put  A  =  a 
then  (1)  becomes  a  linear  dijSerential  equation  of  the  first 
order  and  we  have  still  four  disposable  ratios. 
Oakwalj  near  Britbaney  Queeruland, 
AtutraUa,  October  17,  1867. 

"  On  some  Points  in  the  Restoration  of  Euclid's  Porisma^" 
by  T.  T.  Wilkinson,  F.RAS.,  Corresponding  Member  of 
the  Society. 

M.  Chasles,  in  his  Apergu  Historique,  p.  282,  says  that ; 
"  Diophante  dans  ses  Qaeetionea  ArUhvfietiqueay  a  plusiefors 
fois  employfe  le  mot  Porisme,*  pour  d^igner  ceitain  propo- 
sitions concemant  la  th^rie  des  nombres,  sur  lesquelles  il 
appuie  ses  d^onstrations,  et  qui  formaient  probablement 
un  ouvrage  qui  ne  nous  est  pas  parvenu.  Voir,  par  exem- 
pie,  les  Propositions  3,  5,  et  19  du  Livre  V."  This  very 
valuable  work  was  published  at  Brussels  in  1837.  The 
same  Author  in  his  restoration  of  Les  Troia  Livrea  de 
Porismes  D*Euclide,  published  at  Paris  in  1860,  gives  an 
analysis  of  these  Porisms  in  pp.  47 — 51,  and  adds  to  their 

***  Le  Porisme  est  une  proposition  dans  laquelle  on  ^nonoe  une  r6nii&,  «n 
affirmant  qu'on  pent  toujoun  trourer  oertaines  cboees  qui  la  complitent.*' 
— (Chasles,  Porismes  p.  54.) 

This  new  definition  regards  Porisms  as  incomplete  Theorems, — M.  Breton 
{Porismes f  1866),  rttgards  them  rat  heras  incomplete  Problems. 

*'  A  Porism  proposes  to  demonstrate  that  one  or  more  things  maj  be  foimd, 
between  which  and  innumerable  other  objects  assumed  after  some  given  law 
a  certain  specified  relation  is  to  be  shewn  to  exist."— '(Leslie,  €hom.  Anal.^ 

"  A  Porism  is  a  proposition  affirming  the  possibility  of  finding  such  oon- 
ditions  as  will  render  a  certain  problem  indeterminate,  or  capable  of  innumer- 
able solutions."— (Playfiur,  Edin.  TVans.) 

"  Porisma  est  propositio  in  qua  proponitur  demonstrare  rem  aU4iiamy  Tiel 
plures  datas  esse,  cui,  vel  quibus,  ut  et  cuilibet  ex  rebus  innumeris,  non 
quideni  datis,  sed  que  ad  ea  qus  data  sunt  eandem  habent  rationem,  conTemra 
ostendendum  est  afiectionem  quandum  communem  in  propositione  desor^- 
tarn." — (Simson,  Opera.) 

**  Porisma  rero,  quod  proponitur  in  porismum,  hoc  est  in  inrentioneni.  et 
inrettigationem  propositi." — (Oommandine,  Pappus^  Vol.  11,  p.  I6O4) 
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number  Prop.  17  and  20,  Book  III ;  Prop.  20  and  44,  Book 
IV;  and  lastly  Prop.  12,  Book  VI. 

In  this  r^»iimi  of  the  *'  Porismes  cites  par  Diophante  "  he 

again  refers  to  the  lost  treatise  from  which  Diophantus  is 
supposed  to  have  quoted ;  and  he  here  claims  to  have  been 
t\iQ  first  who  had  fiilly  understood  the  nature  of  these  pro- 
perties of  numbers. 

He  there  says : — "  Diophante  ne  parle  pas  express^ment 
des  Porismes,  comme  Proclus,  et  n'a  pas  k  les  d^finir.  Mais 
il  cite  dan  ses  Questioiia  Arithmetiques  sous  le  titre  de 
Piyinsinea,  des  propositions  extraites  d*un  ouvrage,  apparem- 
ment  d'un  Recueil  de  Porismes,  qui  ne  nous  est  pas  parvenu. 
Ces  propositions,  auxquelles  je  crois  que  Ton  n'avait  jamais 
fait  attention,  du  moins  k  titre  de  Porismes  dans  le  sens 
d'Euclide,  avant  que  twus  les  eussions  signaUes  dans  VAper^ 
Historiqiie,  se  rapportent  aux  propri^t^s  des  nombres;  et  ce 
qui  a  de  Tint^r^t  ici,  c'est  que,  sons  le  nom  de  Porismes^ 
elles  ont  dans  leurs  ^noncds  la  forme  des  Donn4es,  la  mSme 
que  nous  attribuons  aux  Porismes" 

This  point  is  of  some  importance  in  the  history  of  the 
restoration  of  the  Porisms ;  and  hence  M.  Chasles's  claim  to 
this  discovery  cannot  be  allowed.  I  possess  a  copy  of  a 
letter  (the  original  is  in  the  Chetha/m  Library),  from  the 
Rev.  Charles  Wildbore,  sometime  editor  of  the  Oentlemxx/rCs 
Mathemutical  Diary,  to  the  Rev.  John  Lawson,  then 
Rector  of  Swanscombe,  Kent,  and  brother  of  the  Rev. 
Charles  Lawson,  Head  Master  of  the  Grammar  School, 
Manchester,  which    announces  the    same   discovery.     The 

-  essential  portions  of  this  letter,  and  of  the  one  which 
gave  rise  to  it,  will  render  this  sufficiently  clear. 
Mr.  Wildbore  was  a  geometer  of  a  very  high  order,*  and  he 
had  been  engaged  on  Porisms  before  it  became  known  that 
Dr.  Simson  had  restored  them.  Mr.  Lawson  in  a  letter  to 
him,  dated  "August  10th,  1775,"  says  "I  have  very  important 

**See  his  inTestigBtion  of  '*  Lawson's  Theor«m8,"  in  the  Manchester  MemoirM 
Vd.  II.  N.S.  pp.  414—462. 
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fiewB  to  tell  you,  which  I  should  much  rejoice  at,  were  it 
not  for  one  consideration,  which  is,  that  I  am  a&aid  it  will 
in  some  measure  prevent  your  exaltation  to  honour.     Dr. 
Simson  has  restored  Euclid's  Porisms.    They  are  printed  off, 
and  will  shortly  be  published.     This  intelligence  I  have 
from  the  best  authority,  viz.,  the  Earl  of  Stanhope,  at  whose 
expense  they  are  printed."     Mr.  Wildbore  replied  to  this, 
"  Augusrt  18th,  1775,"  and  his  letter  contains  the  following 
passages : — "  I  much  rejoice  to  hear  that  you  have  made  an 
acquaintance  with  that  learned  and  judicious  nobleman,  the 
Earl  of  Stanhope ;  and  his  communicating  to  you  the  contents 
of  Dr.  Simson's  posthumous  works  is  the  reason  of  my  being 
in  such  haste  to  answer  your  last  agreeable  favour.     In 
contemplating  what  these  Porisms  of  Euclid  might  be,  and 
to  what  uses  they  were  applied,  I  have  hit  upon  something 
of  which  I  have  not  met  with  the  least  hint  in  any  author 
What  I  mean  is  this:   that  the   Porisms  quoted  by  Dio- 
pha/ntus,  and  the  other  rertiarkabh  PropositionSy  assumed 
without  proof  by  that  author,  which  do  so  much  honour  to 
Antiquity,  are  no  other  than  the  Porisms  of  Euclid^  and 
that  this  kind  of  Porisms  composed  Euclid's  secmid  Book 
But,  as  this  may  require  something  more  than  bare  assertion, 
I  shall  here  show  the  method  by  which  some  of  the  most 
remarkable  flow  from  the  two  Lemmata*  which  are  the 
14f8th  and  149th  Propositions  of  the  seventh  Book  of  Pappus* 
From  the  first-nam^d  Lemma  the  following  is  evident.     In 
any  right-amgled  triangle  tfie  double  rectangle  contained 
under  the  sum  of  the  hypothenuse  arid  greater  leg,  and  the 
difference  of  the  hypothenuse  and  cathetus  [the   perpen- 
dicular] is  equal  to  the  square  of  the  sum  of  the  said 
difference  and  the  greater   leg''     He  then  deduces   "the 
method  which  Diophantus  makes  use  of  in  the  22nd  Propo- 

*  1.  If  upon  a  right  line  AB  tliere  be  taten  two  points  C,  D,  such  that 
2ABCD=CBa  j  then  AD«=AC«+BD«.— (Pomhw,  prop.  148.) 
2.  If  BABC=BD«;  then  (a),  (AD+DC)BD=DADC ; 

(ft),  (AD+DC)CB=DC«  ;    (c),  (AD+I)0)AB=AD«. 

{PappnSy  prop.  140.) 
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rition  of  bia  third  Book»  which  mauy  of  the  modems  ha^ve 
been  very  illustrious  about,  but  for  elegance  am  a^id  they 
must  iJl  yield  to  the  ancients."  Another  corollary  gives  the 
"property  made  use  of  by  Diophantus,  in  Question  24 
Book  V. ; "  and  by  generalising  his  method  he  deduces  "<ihe 
Poriam  quoted  by  Diophantus  in  the  third  quefition  of  the 
fifth  Book  of  ArithTnetic" 

Mr.  Wildbore  mw  takes  up  the  second  of  the  two  Lemmas 
previously  noticed,  aotd,  by  an  elegant  and  somewhat 
elaJjorate  process,  he  deduces  "the  very  remarkable Porism^ 
quoted  by  Diopharitua  as  the  5th  question  of  the  Fifth  Book." 
He  further  adds  that — "  there  are  many  other  curious  pro- 
perties flowing  from  the  squares  here  deduced  Thus  in  the 
aeeond  aqusxe,  if  DC^l,  we  have  question  33,  jBoo^  II.,  of 
Diophantus ;  and  if  there  be  any  number  which  is  equal  ijo 
ihe  product  of  two  numbers  differing  by  unity ;  and  if  to 
this  number  unity  be  added,  the  square  of  the  sum  may  be 
thus  divided  into  three  squares.  Hence  the  sum  of  three 
squares  may  be  easily  divided  into  three  other  squares." 

Towards  the  close  of  the  letter  Mr.  Wildbore  gives  a 
geometrical  solution  to  the  following  case  of  the  general 
Problem  of  IncUnatlons.  "  between  two  given  eemicircles, 
having  Hieir  bases  in  the  same  right  line,  to  iTisert  a  right 
lime  qf  a  given  length  which  shall  verge  to  an  angle  of  one 
of  the  semici/rcles.*'  He  says,  "  it  is  as  curious  as  any  we 
know  that  were  done  by  the  ancients,  and  having  some  time 
since  bestowed  pains  to  solve  it  without  Dr.  Horsley's  alge- 
braical Lemmas,  I  will  here  subjoin  the  solution."  He  con- 
cludes by  ^tatix^  that  should  Mr.  Lawson  "  communicate 
the  preceding  to  his  lordship,  as  I  am  in  hopes  you  will, 
please  to  make  my  most  respectful  compliments  to  him,  and 
tell  him  that  I  shall  wait  with  patience  till  I  can  be  favoured 
with  a  sight  of  what  Dr.  Simson  has  done." 

*  ^'Btont  doon^  cbox  nombres  oarr^  oouooootifli,  on  peut  troarer  un 
iroiii^me  nomlure  ^gal  au  doable  de  la  somme  de  oes  deux  premiers  plus  2, 
tel,  que  le  produit  de  deux  de  ces  nombres  augment^,  soit  de  la  somme  des  deux 
mtees,  soit  du  troisi^me  nombre,  fiuse  un  carr^." — Choales,  Poritmes,  p.  49.) 

iH  w,  jf,  «  be  the  numbews-^then  ay+(«+y) ;  ««H-(*-t-«) ;  y«(y-t-«) ; 
^+y ;  y-^xt ;  z-^-xtf, — ^are  all  to  be  squares  under  the  conditions  proposed. 
Qqm^*  ni.  requiref  that  X'^a ;  y-^-a ;  and  also_ary-(-a,  be  square  numbers. 
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It  thus  appears  that  the  Rev.  Charles  Wildbore  had  dis- 
covered that  these  properties  of  numbers  partook  of  the 
nature  of  Porisms  more  than  sixty  years  before  M.  Chaales 
announced  the  same  fact  in  his  Aperfu.  I  am  of  opinion 
that  the  rev.  gentleman  was  somewhat  in  error  as  to  the 
contents  of  Euclid's  Second  Book ;  and  his  opinions  on  some 
other  points  mooted  in  this  long  letter  will  now  require 
modification.  There,  however,  appears  to  be  sufficient  merit 
in  this  correspondence  to  warrant  the  publication  of  these 
extracts,  at  a  time  when  M.  Michel  Chasles  is  astonishing 
the  scientific  world  by  his  connection  with  the  Newton 
and  Pascal  forgeries. 

"  On  the  Examination  of  Water  for  Oi^ganic  Matter,"  by 
Dr.  R  Angus  Smith,  F.RS. 

The  Author  repeated  his  opinion  that  the  mere  expression 
of  organic  matter  had  no  such  meaning  as  would  allow  che- 
mists to  measure  the  impurity  of  water  by  its  amount.  He 
went  more  fully  into  the  division  of  the  organic  matter  into 
various  portions,  some  acting  as  unwholesome  agents,  others 
being  entirely  innocent.  He  said  he  was  glad  to  find  that 
other  chemists  were  also  attending  to  the  quality  as  well  as 
the  quantity  of  the  organic  matter,  and  he  insisted  also  on 
the  condition  of  the  matter  being  observed.  He  discussed 
the  methods  of  Professors  Frankland  and  Wankljm,  con- 
sidered, however,  that  they  did  not  supersede  his  own 
methods,  which  made  a  greater  number  of  subdivisions.  He 
explained  the  mode  in  which  the  organic  matter  is  entirely 
removed  from  water,  leaving  frequently  more  of  its  elements 
behind,  unless  we  include  amongst  them  the  inorganic 
bodies  with  which  they  were  combined.  The  body  which 
remains  is  chiefly  common  salt,  which  cannot  be  removed, 
and  by  which  more  than  any  other  substance  animal 
matter  is  to  be  detected  in  water  under  certain  precautions. 
He  also  showed  the  importance  of  finding  the  amount  of 
atmospheric  oxygen  iu  water,  and  its  meaning;  but  as  the 
paper  was  not  concluded  the  notice  is  here  left  incomplete. 
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Ordinary  Meeting,  Jahuarj^  7th,  1868. 

Edward  Schunck,  Ph.D.,  F.RS.,  &c.,  President,  in  the 
Chair. 


"  VariaMe  Spot  on  the  Moon's  Surface/'  by  W.  R.  Bmt, 
F.RA.S.,  communicated  by  J.  Baxhndell,  F.RA.S. 

The  interest  attaching  to  the  phenomena  presented  by 
the  lunar  spot  Linn^  is  my  apology  for  communicating  a 
few  observations  on  another  spot  which  exhibits  similar 
phenomena.  It  will  be  seen  that  both  spots  manifest  phe- 
nomena which  appear  to  be  referrable  to  the  presence  of  a 
covering  by  which  the  craters  are  at  times  concealed.  We 
are  not  cognisant  of  any  agency  such  as  libration,  angle  of 
illumination,  or  variation  of  distance  which  affects  the  forms 
and  appearances  of  lunar  objects,  being  capable  of  rendering 
a  crater  invisible  while  its  place  is  occupied  by  a  white 
cloud-like  spot  of  light;  nor  are  any  of  these  agencies 
capable  of  rendering  an  object  on  the  moon's  surface  indis- 
tinct while  others  in  its  immediate  neighbourhood  are 
exceedingly  sharp  and  well  defined.  With  the  hope  of 
directing  the  attention  of  astronomers  to  this  curious  class 
of  lunar  objects,  may  I  be  permitted  to  lay  the  following 
observations  before  the  Society?  They  have  been  made 
principally  by  the  Rev.  W.  O.  Williams  of  Pwllheli,  who 
has  undertaken  the  examination  of  a  zone  on  the  moon's 
surface  of  2*"  of  latitude,  vi^  froili  4^  to  6°  sonth. 

FioouDDres— Lit.  A  Phil.  Sooiitt.— Vol.  TH.— No.  T—Sbshoit  1867-8. 
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The  spot  in  question  is  marked  IV  Aa  17,  IV  A^39on  the 
areas  of  the  British  Association  Lunar  Map  IV  Aa  and  IV  AZ, 
and  is  situated  in  2°  W.  long.,  and  B''  S.  lat.  It  is  also 
situated  on  the  S.W.  side  of  the  ridge  forming  the  N.E. 
boundary  of  Hipparchus,  and  has  been  described  as  ''  a  bright 
spot  S.S.W.  of  IV  Aa  7  (Beer  and  Madler's  Hipparchus  F). 
Its  diameter  is  5^*94  and  magnitude  0°-37,  the  diameter  of 
Dionysius  being  regarded  as  unity.  On  De  La  Rue's  photo- 
graph 1858,  February  22,  it  appears  as  a  spot  of  about  4°  of 
brightnesa  It  is  not  so  bright  as  Linn^  which  is  about  5°. 
In  this  photograph  it  is  seen  to  stand  upon  the  east  edge  of 
a  large  depression  running  nearly  S.  by  W. — N.  by  E.  This 
edge,  which  forms  a  low  ridge,  connects  the  mountainous 
boundary  of  Hipparchus  with  the  mountain  TV  AZ  37. 
IV  Aa  7,  a  bright  spot  smaller  than  IV  Aa  17,  IV  AZ  39, 
stands  upon  the  west  edge  of  this  depression,  which  also 
meets  the  mountain  IV  A^  37. 

On  Rutherford's  photograph  1865,  March  6,  this  spot 
appears  brighter  than  in  De  La  Rue's,  viz.  5^  linn^  in 
this  photograph  is  6°.  The  observations  that  have  been 
made  of  this  spot  are  as  under. 
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Mr.  Baxendell  stated  that  on  the  night  of  the  Srd  instant 
he  had  an  opportunity  of  examining  the  spot  referred  to  by- 
Mr.  Birt  with  Mr.  Gladstone's  equatorially  mounted  achro- 
matic of  7J  inches  aperture,  using  powers  from  60  to  250. 
It  was  then  a  well-marked  though  shallow  crater,  having  a 
diameter  about  three-fourths  of  that  of  Beer  and  Madler's 
Hipparchus  F.  The  shadow  of  the  western  wall  was  very 
conspicuous  on  the  floor  of  the  crater. 

Mr.  Baxendell  also  read  the  following  extract  of  a  letter 
dated  November  27th,  1867,  which  he  had  received  from 
Mr.  C.  Ragoonatha  Chary,  the  first  native  assistant  at  the 
Royal  Observatory,  Madras :  — 

"I  have  prepared  the  necessary  calculations  connected 
with  the  total  solar  eclipse  to  take  place  in  the  Indian  Penin- 
sula on  the  18th  of  August,  1868,  and  these,  with  appropriate 
description  and  remarks  on  the  eclipse  by  N.  R.  Pogson,  Esq., 
are  now  in  the  press  and  will  be  published  in  the  leading 
Madras  Almanac.  In  these  calculations  I  find  that  a  slide- 
rule  constructed  for  trigonometrical  purposes  may  most 
advantageously  be  used  even  in  such  intricate  cases  as  the 
solar  eclipse.  It  saves  more  than  three-fourths  of  the  time 
and  labour;  and  having  calculated  independently  with  the 
slide-rule  as  weU  as  by  means  of  logarithms  for  several 
places,  I  found  the  difference  rarely  to  amount  to  half  a 
minute  in  time,  which  is  no  great  matter  in  predicting  for 
amateurs,  and  even  for  intending  observera  Mr.  Wool- 
house's  method  is  followed,  I  believe,  in  the  Nautical 
Almanac.  The  skeleton  forms  of  this  method,  which  are 
printed  in  great  detail  for  logarithmic  calculations,  may  be 
greatly  simplified  and  facilitated  by  the  use  of  a  slide-rule 
accurately  divided.  The  one  I  used  was  not  very  accu- 
rately divided,  and  was  only  two  feet  in  length. 
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Mr.  E.  W.  BiNNBY,  F.RS.,  F.G.S.,  said  that  in  the  Geohgi- 
col  Magazine  for  August  of  last  year  Mr.  D.  Mackiiitosh, 
F.G.S.,  in  a  paper  on  Pholas  Borings,  Denudation,  and 
Deposition  in  S.E,  Devon,  says,  "  The  structure  and  marine 
denudation  of  the  district  between  Torbay  and  Babbicombe 
Bay  has  been  so  ably  unravelled  by  Mr.  Pengelly  as  to  leave 
any  other  observer  comparatively  little  to  say.  Among  the 
most  important  discoveries  must  be  ranked  that  of  lithodo- 
mous  perforations  in  limestone  rocks  at  considei^able  alti- 
tudes above  the  sea."  In  the  September  number  of  the 
same  publication  the  Rev.  William  Gibbins  describes  some 
Pholas  borings  and  says,  "And  here  I  ought  to  mention 
that  Mr.  Pengelly  was  the  first  person  from  whom  I  learnt 
the  supposed  origin  of  these  peculiar  marks  or  holes  in  rocks 
near  the  sea  coast."  At  a  meeting  of  this  Society  on  the 
15th  October  last  Mr.  R  D.  Darbishire,  RA.,  F.G.S.,  in  a 
communication  described  similar  holes  and  markings  ob* 
served  in  the  rocks  near  Buxton  and  on  the  Great  Orme's 
Head. 

No  doubt  it  has  been  generally  considered  by  geologiflts 
that  Mr.  Pengelly,  F.RS.,  a  most  acute  and  accurate  ob- 
server, was  the  first  person  to  notice  the  traces  of  litho- 
domous  moUusks  on  rock  surfaces.  But  it  is  now  dear 
that  such  appearances  had  been  observed  and  given  to  the 
public  a  quarter  of  a  century  ago. 

In  a  Sketch  of  Fumess  and  Cartmel  by  Ctarles  P.  Jop- 
ling,  published  in  1843,  in  speaking  of  the  geology  of  Stain- 
ton  and  Adgarley  at  page  40,  the  author  says,  "  The  bed3 
of  the  Carboniferous  Limestone  are  well  developed  and  are 

sometimes  of  great  thickness. On  the  green  lie  detached 

masses  of  rock  as  if  formed, 

Into  rude  shape  by  fire  with  roaring  blast 
Impetuously  let  loose  from  central  caves; 
Or  fashioned  by  the  tiurbxilenoe  of  waves, 

That  when  o'er  highest  hills  the  deluge  pasa'd. 
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That  at  some  time  they  have  been  submerged  by  the  waters 
of  the  ocean  seems  indubitable,  for  the  carities  in  which  the 
lithophagse  burrow^  are  still  fresh,  and  tell  of  other  aspects 
and  other  times.*' 

At  page  77,  the  author  again  says,  in  describing  the 
country: — "We  will  not  pretend  to  trace  it  through  the 
many  changes,  or  attempt  to  describe  it  when  the  breakers 
laved  the  rock  of  Stain  ton  and  the  lithophagaa  burrowed  in 
those  immense  blocks  which  are  still  left  to  attest  the  fact." 

The  Carboniferous  Limestone  alluded  to  by  Mr.  Jopling  in 
Pumess,  Lancashire,  is  only  a  few  miles  from  the  shore  of 
Morecambe  Bay,  and  in  the  localities  alluded  to  by  him  will 
be  at  an  altitude  of  about  two  hundred  feet  above  the 
present  sea-level. 

He  was  not  competent  to  form  an  opinion  aa  to  the  holes 
and  hollows  in  rocks  seen  and  described  by  the  above- 
named  observers,  but  probably  such  phenomena,  even  if 
clearly  proved  to  have  been  the  work  of  a  mollusk,  should 
be  classed  under  three  heads,  namely: — 1st,  those  in  the 
bare  rock;  2nd,  those  covered  by  sward  and  vegetable 
mould ;  and,  3rd,  those  covered  by  till  or  other  drifL  In 
all  these  cases  the  shape  of  the  original  hole  or  hollow  made 
by  the  Pholas  would  no  doubt  be  considerably  modified  by 
the  different  causes  to  which  they  had  been  subjected. 
In  the  first  case,  they  would  be  subject  to  the  action  of  the 
carbonic  acid  in  the  rain-water,  and  aqueous  and  atmo- 
spheric agencies.  In  the  second  case,  not  only  to  those 
effects,  but  to  the  decomposing  action  of  organic  adds 
arising  from  the  decaying  vegetable  matter.  And,  in  the 
last  instance,  to  long-continued  aqueous  and  atmospheric 
agencies  before  the  rock  wad  covered  up  by  the  drift 
deposits. 

Great  care  ought  to  be  taken  before  a  hole  in  a  rock 
should  be  attributed  to  a  mollusk,  especially  in  limestones, 
which  so  frequently  exhibit  on  the  surface  markings  of 
nearly  every  variety  of  form. 
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Dr.  Joule,  F.R.S.,  referring  to  recent  magnetic  difltarb- 
ances,  described  the  means  he  made  use  of  for  determining 
the  absolute  horizontal  intensity.  A  current  of  electricity 
was  transmitted  successively  through  a  single-coil  galva- 
nometer and  his  current  meter,  an  instrument  already 
described,  consisting  of  a  suspended  flat  coil  of  wire  between 
two  equal  fixed  coils.  K  the  coils  are  infinitely  close  to 
one  another,  the  current  is  given  by  the  formula 

k  being  the  radius  of  a  circle  of  equal  area  to  one  of  the 
coils,  I  the  length  of  wire  in  one  of  the  coils,  and  w  the 
weight  required  to  balance  the  suspended  coiL  The  current 
in  the  galvanometer  is  determined  by  the  horizontal  inten- 
sity and  the  tangent  of  deflection.  Therefore,  by  combining 
the  two  instruments,  we  obtain  the  horizontal  intensity, 
which  is  equal  to  the  square  root  of  the  force  of  attraction 
in  the  current  meter,  divided  by  the  tangent  of  deflection  in 
the  galvanometer,  multiplied  by  a  constant 

"On  the  Examination  of  Water  for  Organic  Matter,** 
Part  II.,  by  Dr.  R  Angus  Smith,  F.RS. 

At  present  the  conclusion  only  is  given,  as  no  abstract 
was  prepared. 

The  following  may  be  considered  as  a  summary  of  the 
results  required  for  sanitary  purposes. 

1.  Quality  of  the  organic  matter,  i.e.  what  is  produced  by 
standing  under  favourable  circumstances  for  developing 
vegetable  or  other  life  ? 

2  and  3.  Condition  of  the  organic  matter.  Products  of 
decomposition.  Easily  decomposed  organic  matter.  These 
two  can  be  estimated  for  sanitary  purposes  sufficiently  by 
permanganate  of  potash. 

4.  Nitrates  as  remnants  of  organic  matter. 

5.  Nitrites  as  remnants  of  organic  matter. 
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6.  Chlorides  as  indicating  fl.niiTtfl.1  sources. 

7.  Oxygen  as  indicating  activity  of  decomposition  or 
destruction. 

8.  Total  organic  matter  and  ammonia^  by  weighing  and 
other  methods. 


PHYSICAL  AND  MATHBMATIOAL  SBOTIOK. 

December  31st,  1867. 

Joseph  Baxendell,  F.RA.S.,  Vice-President  of  the 
Section,  in  the  Chair,    . 

''Solar  Radiation  Observations,  made  at  Ecdes,  near 
Manchester,"  by  Thomas  Mackereth,  F.RA.S.,  F.KS. 

Feeling  considerable  interest  in  the  paper  read  by  Mr. 
Baxendell,  F.RA.S.,  at  a  recent  meeting  of  the  Physical 
Section,  and  at  a  general  meeting  of  the  Society,  on  this 
subject,  I  have  reduced  five  years'  observations  which  I 
had  made  at  Eccles  with  an  ordinary  black-bulb  ther- 
mometer placed  on  the  south  side  of  the  shade  stand,  four 
feet  above  the  ground.  The  thermometer  had  been  duly 
compared  at  the  Kew  Observatory.  I  was  chiefly  induced 
to  make  these  reductions  because  the  discussions  of  Mr. 
Baxendell  on  the  subject  were  from  observations  made  at 
Oxford  by  means  of  a  thermometer  placed  somewhat  simi- 
larly to  mine,  at  least  as  mine  was  placed  during  the  five 
years  I  have  reduced 
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Taking  the  diffearenoes  between  the  mean  macdmnin 
Mack-bulb  reading  in  the  aun,  and  the  mean  mRyiir^niri 
reading  in  the  shade,  for  each  month,  we  find  two  maxima — 
one  in  May,  and  another  in  August ;  and  two  minima— one 
in  June,  and  another  in  December. 

In  order  to  project  the  gradual  rise  and  fall  of  solax 
radiation  for  each  month,  I  have  adopted  the  form  of  table 
presented  by  Mr.  Vernon  in  his  reductions  of  similar 
observations.  Thus,  if  we  take  the  differences  between 
one  month  and  the  succeeding  one,  we  find  the  following 
values : — 

o 

January  to  February    +2*80 

Febmaiy  to  March  +2-98 

March  to  April  +  3-16 

April  to  May     +  1*14 

May  to  June -0-80 

June  to  July +0-38 

July  to  August +0*56 

August  to  September   -1-48 

September  to  October  -5*28 

October  to  November  -2-26 

November  to  December   ...^ -3*06 

December  to  Juiuary    +  1*86 

The  foregoing  table  shows  a  very  r^ular  though  rapid 
increase  of  the  amount  of  solar  radiation  from  January  till 
April,  which  is  only  slightly  exceeded  in  May.  We  have 
then  a  slight  decrease,  and  afterwards  another  maximum  in 
August.  Then  follows  a  very  rapid  decrease  to  October, 
wbich  continues,  though  not  so  rapidly,  to  the  end  of  the 
year.  This  table  shows  that  the  observations  at  Eccles 
have  a  projection  very  similar  to  the  one  presented  by  Mr. 
Baxendell  on  page  38,  vol.  VII.  of  the  "Proceedings;"  and 
I  have  no  doubt  that  if  the  observations  had  extended  over 
a  longer  period,  the  similarity  would  have  been  more 
striking. 
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Below  I  present  my  monthly  means  as  they  have  been 
reduced 


Yeae. 

J 
Mai. 
BkBull 

Fanuaby. 

1          Februaby. 

Maboh. 

Mucin     Diff. 

Max.    1 
Bk.  Bulb  Max.  in 

Dlff. 

Biax. 

BIlBuU) 

Max.  iz 

Diff. 

in  Sun. 

Shade. 

in  Sun. 

Shade. 

in  Son. 

Shade. 

o 

o 

o 

i    o 

o 

o 

o 

o 

o 

1862 

480 

42-5 

5-5 

!    62-7 

45-4 

73 

55-1 

46-7 

8-4 

1863 

49-8 

44-3 

5-5 

1    55-5 

47-4 

8-1 

62-4 

49-9 

126 

1864 

44-9 

40-0 

4-9 

50-5 

40-4 

101 

57-8 

45-6 

12*2 

1865 

44-6 

40-3 

4-3 

'   44-8 

400 

4-8 

51-8 

42-1 

9-7 

1866 

49-9 

46-7    ;     3-2 

1 

r  521 

1 

450 

71 

54-4 

44-9 

9-6 

Means 

47-44 

42-76 '     4.68  i  5112 

43-64 

7-48 

5680 

46-84 

10-4fi 

Afbil. 

May.              j 

June.              | 

1862      66-9 

63-3 

13-6 

77-5    1  61-6 

15-9 

73-2 

60-8 

12-4 

1863    j  68-6 

53.5 

151 

72-8    ,  57-3 

15-5 

80-5 

63-9 

16-6 

1864   1  691 

54-9 

14-2 

80-8    1  62-4 

18-4 

78-8 

62-6 

16*2 

1865 

73-8 

60-3 

13-5 

71-9 

60-6 

11-4 

79-8 

67-4 

12*4 

1866 

65-4 

63-7 

11-7 

69-8 

57-2 

12-6 

79-0 

66-8 

12*2 

Means 

68-76 

55-14 

13-62 

74-56 

59-80 

14-76 

78-26 

64-30 

13*96 

ji             July. 

August.           | 

Septehbbb.         1 

1862  '   780   !  63-4      146 

i  791    i  64-5 

14-6 

76-0 

60-7 

14*3 

1863      82-4      66-7      16-7 

1  82-2      65-4 

16-8    ! 

69-8 

56-9 

12*9 

1864   '  841 

67-8    1  16-3 

,  79-5      64-4 

151    1 

76-3 

61-8 

14*6 

1865  |i  81-9 

68-8  1  ia-1 

78-1      64-7 

13-4    i 

86-3 

70-2 

16-1 

1866  \  780 

66-0    1  120 

78-4      68-8      14-6    j 

69-8 

69*6 

10*8 

Means'!  80.88 

66-54    14-34 

79-461  64-66    1490 1 

75-24 

61-82 

18*42 

OOTOBBB.               1 

Nc 

)VBMBBB. 

Dboembbb.          1 

1862 

65-3 

54-7    '  10-6 

51-8 

42-4 

9-4    , 

61-8 

47-6 

4-8 

1863 

62-4 

53-5        8-9 

55-4 

491 

6  3 

51-5 

47-7 

3-8 

1864 

62-2 

54-2    1     8-0 

531 

47-4 

5-7 

46-0 

42*6 

2-4 

1866 

65-9 

56-3    '     9-6 

55-5 

49-3 

6-2    1 

50-4 

47-2 

8-2 

1866 

1 

60-9 

57-3    I     3-6 

51-5 

49-7 

1-8 

47-5 

47-1 

0*4 

Means    63*84 1 

65*20      814 

53-46 

47-58 

6-88; 

49*24 

46*42 

2*82 

MEAN   MONTHLY  VALUES. 
Max.  in  Sun.      Max.  in  Shade.  Diff. 

coo 

January   47*44  42*76  4*68 

February 51*12  43*64  7*48 

March 56'30  46*84  10*46 

April    68*76  55-14  13*62 

May 74*56  69*80  14*76 

June     78-26  64.30  13-96 
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Max.  in  Bun.      Max.  in  Shade.  IHfF. 

July 80-88  66-54  UU 

August  79-46  64-56  14-90 

September   ...  75-24  61-82  13-42 

October  63-34  55-20  814 

November    ...  53-46  47-58  5-88 

December....  49-24  46-42  2-82 
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Ordinary  Meeting,  January  21st,  1868. 


Bdwabd  Schxxnck,  Ph.D.,  F.RS.,  &;c.,  President,  in  the 
Chair. 


"  Notes  on  some  of  the  Rarer  Plants  foiind  near  Llan- 
dudno," by  Joseph  Sidbbotham,  Esq. 

North  Wales  is  celebrated  for  its  botanical  treasures,  and 
perhaps  no  portion  of  it  more  so  than  the  Great  Ormes  Head 
and  the  country  adjoining.  In  the  early  spring  Gloddaeth 
Woods  are  one  mass  of  flowers,  some  of  them  by  no  means 
common,  and  the  rocks  and  slopes  of  the  hills  afford  many 
of  extreme  rarity.  The  cowslip,  a  rare  plant  near  Man- 
chester, is  in  abundance,  and  the  hybrid  oxlip  is  in  many 
places  where  primroses  and  cowslips  are  found  near  toge- 
ther. Cowslips  can  be  seen  for  more  than  a  month,  from 
the  first  of  May,  on  the  southern  slopes  and  warm  fields,  till 
near  the  middle  of  June,  on  the  northern  slopes  of  the  Little 
Ormes  Head. 

I  will  now  mention  a  few  of  the  rarer  species  met  with 
during  last  spring. 

Crucifer^. — Malcomia  maritima,  a  species  not  truly 
wild,  is  however  met  with  often  on  the  Great  Ormes  Head. 
I  have  found  it  in  many  places  all  along  the  cliff  walks  and 
near  the  shore  on  Conway  Bay.  It  is  usually  very  small, 
the  whole  plant  with  flower  not  being  more  than  a  couple 
of  inches  in  height. 
PBOonDnros— Ln.  &  Phu.  Sooiitt— Yoi.  VII.— No.  8.— Session,  1867-8. 
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Cfieircmthvs  cheiri  is  found  on  most  of  the  old  castles 
and  ruins  in  North  Wales,  and  has  evidently  been  there  for 
a  long  time,  being  mentioned  by  various  old  writers.  It  is 
singular  that  it  should  so  rarely  be  found  on  rocks,  except 
in  the  immediate  neighbourhood  of  some  ruin.  This  would 
perhaps  favour  the  idea  that  the  species  has  been  intro^ 
duced  at  some  very  distant  time, 

Thlaspi  alpestre.  This  is  very  plentiful  at  Uanrwst,  the 
walls  and  rocks  in  many  parts,  being  white  with  its  flowers. 
This  is  the  subspecies  occitcmum  of  English  Botcmy;  the 
other  subspecies,  aylvestre,  I  have  not  gathered,  but  firom 
the  examination  of  dried  specimens  of  it  from  Teesdale  and 
Clova^  I  cannot  see  a  good  reason  for  any  division  of  the 
BpedeBf 

Braaaica  oleracea.  Found  abundantly  on  the  difb  of 
the  Qreat  Orm^  Head,  and  also  on  rocks  in  several  places 
between  Conway  and  Llandudno.  It  is  of  specif^  interest 
as  being  the  parent  of  the  numerous  varieties  of  cabbage^ 
cauliflower,  and  brocoli,  and  is^  I  think,  truly  indigenous  in  • 
these  localitiea  I  can  myself  speak  to  its  abundance  on 
the  Qreat  Ormea  Head  thirty  years  ago,  when  Llandudno 
consisted  of  a  very  few  fishermen's  cottages,  and  I  am  tdd 
it  is  mentioned  as  being  there  more  than  a  hundred  years 
aga 

HeldcmlMmwn  ccmwm.  This  is  one  of  the  most  conspi- 
cuous plants  on  the  slopes  of  the  Qreat  Ormes  Head,  in  the 
early  part  of  May,  covering  the  ground  with  a  beautiful  pale 
yellow;  about  the  last  week  in  May  it  gives  place  to  the 
other  species,  R.  vulga/re,  the  larger  flowers  of  which  make 
even  a  more  beautiful  show. 

Helianthemum  guttatum.  This  occurs  on  Holyhead 
mountain.  I  had  previously  gathered  specimens  in  seed,  and 
visited  the  place  in  May  to  see  it  in  flower.  I  was  a  little 
early  and  only  met  with  a  few  flowers  fully  out,  and  as 
the  petals  fall  at  once  when  touched,  it  was  not  eaffjr  to 
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secure  good  specimens.  I  however  brought  a  few  plants  in 
my  case,  and  planted  them  in  a  pot,  where  they  flowered 
outside  my  window  at  Llandudno.  On  the  bleak  slopes  at 
Holyhead  the  entire  plant  in  flower  does  not  exceed  IJ 
inches  in  height,  but  in  the  flowerpot  it  reached  3  to  4 
inches.  I  made  a  drawing  of  one  of  the  specimens,  which 
can  be  compared  with  the  dried  ones.  The  red  spot  at  the 
base  of  the  petals  is  very  large ;  the  figure  in  English  Bota/ny 
does  not  do  it  justice. 

Viola  hiHa,  Found  in  many  places  about  Llandudno 
and  Conway,  abundant  in  Gloddaeth  woods. 

Silene  nutans.  Abundant  on  the  rocks  about  Llan- 
dudno. 

Astragalus  glycyphyUus.  This  is  by  no  means  a  com- 
mon plant.  It  is  found  in  various  places  about  Qloddaeth, 
in  the  lanes  and  also  in  the  wood,  and  in  one  or  two  places 
near  the  Little  Ormes  Head.  I  Was  too  early  in  May  to 
find  it  in  flower. 

Hippocrepis  comosa,  A  very  handsome  plant,  on  the 
rocks  of  the  Great  Ormes  Head,  where  it  forms  large  masses 
of  flowers  in  May. 

Cotoneaster  vuZga/ris,  The  Great  Ormes  Head  is  supposed 
to  be  the  only  locality  for  this  species  in  Great  Britain.  I 
visited  Llandudno  in  the  year  1840  chiefly  to  gather  it,  and 
in  the  same  place  I  again  collected  specimens  in  May,  1867* 
I  know  of  five  distinct  places  where  it  grows  pretty  plenti- 
fully, and,  if  not  rooted  out,  it  will  continue  for  generations 
to  gratify  botanists  and  supply  them  with  specimens.  But  I 
should  like  here,  to  protest  against  the  destruction  of  wild 
plants,  which,  if  continued  as  at  present,  would  in  a  few 
years  entirely  eradicate  all  the  rare  species,  and  make  some 
of  those  now  common,  very  rare.  This  destruction  is  not 
caused  hy  botanists:  a  true  botanist  is  careful  not  to 
destroy  a  plant,  and  in  case  of  a  very  rare  one,  will  cont^at 
himself  with  a  small  sprig,  without  disturbing  the  root. 
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Even  a  collector  of  plants  who  takes  no  such  care,  will  not 
do  much  harm  in  a  general  way,  because  he  will  only  take 
as  many  specimens  of  a  plant  as  he  can  dry.  The  real 
destroyers  of  plants  are  those  who  collect  them  for  the 
market  for  sale.  In  Llandudno,  for  instance,  the  market  is 
supplied  with  ferns  and  rare  plants  in  prodigious  numbers : 
these  are  purchased  by  visitors,  as  just  now  it  is  the  faahion 
to  take  roots  of  wild  plants  on  returning  home.  It  is  clearly 
the  interest  of  those  persons  who  supply  the  markets  to 
clear  the  neighbourhood  of  rare  plants,  so  that  the  visitor 
who  wants  them  must  buy  them  in  the  market  A  very 
few  years  ago  Aaplenum  adicmtum-nigrum  was  one  of  the 
very  common  ferns  around  Llandudno ;  last  May  I  wished 
to  show  it  to  a  friend,  and  could  not  find  a  single  frond 
nearer  than  a  lane  at  GloddaetL  One  day  in  May  I  saw 
in  the  market  almost  a  cart  load  of  roots  of  AUosurus  cris^ 
pu8y  and,  what  was  more  to  be  regretted,  a  niunber  of  roots  of 
Cotcmeaster,  As  long  as  these  dealers  find  purchasers  they 
will  continue  to  root  up  the  rare  plants;  but  if  visitors 
would  only  consider  that  the  great  charm  of  our  wild  plants 
is  to  see  them  growing  in  their  native  places,  and  not  to 
take  away  roots  purchased  in  the  market^  which  will  rarely 
live  when  they  are  removed,  this  destruction  would  soon 
cease,  and  the  natural  yearly  increase  of  the  plants  would 
be  sufficient  to  supply  those  who  would  go  and  gather  for 
themselves. 

The  neighbourhood  of  Llandudno  is  very  rich  in  Com- 
posite, but  I  was  too  early  in  May  to  find  many  of  them 
in  flower. 

Silybum  Ma/rianum  is  found  in  many  places,  and  seems 
quite  at  home  near  the  simimit  of  the  Little  Ormes  Head. 

SerrcUula  tvnctoria,  Cichoriwm  IntyJms,  Helmvniha 
echioideSy  Hypochceris  viaculata,  are  conspicuous  along  with 
several  of  the  rarer  species  of  Hieracium.  Perhaps  ihe 
rarest  of  the  Compositee  is 
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Chrysocoma  Linoayris,  which  is  found  abundantly  on  the 
rocks  above  the  town.  The  specimens  now  exhibited  were 
gathered  late  in  August,  when  it  was  in  perfection.  This  is 
one  of  the  very  few  places  in  the  kingdom  where  it  is  to  be 
found. 

Scrophularia  vemalia.  This  is  one  of  the  rarest  of  British 
plants,  and  is  supposed  by  some  to  be  a  doubtful  native. 
However  this  may  be,  it  is  quite  naturalised  in  a  lane  near 
Gloddaeth,  where  it  ornaments  the  hedge  sides  for  half  a 
mile ;  it  is  also  found  in  another  lane  nearer  Conway.  Tt  is 
an  exceedingly  beautiful  plant,  with  its  pale  green  leaves 
and  lemon  coloured  flowers.  I  found  on  this  plant  three 
species  of  Coleoptera  of  the  genus  Clonus, 

In  the  ditches  on  the  plain  grows  HoUonia  palustris 
in  the  greatest  perfection,  the  leaves  in  many  cases  growing 
in  dense  tufts  above  the  water,  and  the  beautiful  spikes  of 
flowers  in  thousands. 

On  the  southern  slopes  of  the  Qreat  Ormes  Head,  8cilla 
wma  begins  to  show  its  bright  blue  flowers  the  first  week 
in  May,  and  in  the  middle  of  the  month  many  places  are 
completely  covered  with  blue,  and  it  may  still  be  found  in. 
abundance  in  June  on  the  northern  and  eastern  sides  of  the 
hill;  it  even  occurs  in  profusion  down  on  the  grass  above 
the  sea^  and  in  the  open  places  in  Gloddaeth  woods,  where 
it  grows  to  the  height  of  six  or  eight  inches. 

The  genus  Statice  is  one  about  which  botanists  are  not 
agreed  as  to  the  species,  some  authorities  ma.king  many 
into  species  which  others  call  only  varietiea  At  Llan- 
dudno are  found  two  very  different  forms  of  the  species 
now  called  bi/nervosa;  the  smaller  form  grows  in  abund- 
ance on  Conway  beach,  and  the  larger  one  on  rocks  behind 
the  baths.  Although  so  different  in  appearance,  there  is  no 
good  ground  for  considering  them  in  any  way  distinct 
species. 
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Among  the  grasses,  Phleimi  a/renarium  $^iA  Scl&rockloa 
rigida  and  loliacea  are  very  common  on  and  near  tbe  shore 
at  Llandudno.  The  rarest  species  is  Knappia  agrostidea^ 
found  in  Anglesey  on  the  borders  of  Uyn-Curon,  which  is 
the  only  known  locality  for  it  in  Great  Britain.  It  is  a  very 
small  species,  and,  flowering  as  early  as  from  the  end  of  March 
to  May,  it  may  have  been  overlooked  in  other  places;  it  is 
extremely  abimdant  on  the  grassy  hillocks  on  the  borders 
of  the  lake;  the  largest  specimens  I  found  were  about  two 
inches  in  height,  the  general  size  being  about  one  inch. 

In  the  foregoing  notes  I  have  only  mentioned  a  few  of 
the  plants  I  met  with  in  North  Wales  last  spring.  Speci- 
mens of  many  others  are  before  you>  a^d  those  who  visit 
Llandudno  a  month  later  than  I  (fid  will  find  very  many 
more  species,  especially  in  the  families  OomposUoe  and 
Oyperacce. 


*'  Some  Remarks  on  Crystals  containing  Fluid,'*  by  J.  B. 
Dancer,  F.R.A.S. 

The  Autiior  gave  a  brief  history  of  the  discovery  of  fluids 
in  crystals,  including  Sir  H.  Davy's  diemical  experiments 
on  the  fluids  and  gases  obtained  from  the  cavities  in  quartz 
crystals;  Sir  David  Brewster's  discovery  of  the  pressure 
cavities  in  the  diamond,  ruby,  emerald,  amethyst,  chryso- 
beryl,  &a ;  the  existence  of  minute  crystals  in  these  cavities 
and  the  two  new  and  remarkable  fluids,  which  are  immiscible, 
but  sometimes  found  together  in  the  same  cavity — (me  a 
liquid  hydro'carbon,  named  Brewstoline,  the  other  CryptG-" 
line ;  his  experiments  and  examination  of  artificial  ciystals 
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deposited  from  aqueous  solutions ;  his  examination  of  the 
Koh-i-noor  diamond  and  others  in  the  East  India  Company's 
museum;  and  the  geological  speculations  to  which  these 
discoveries  gave  rise.  Hr.  Dancer  mentioned  the  experi- 
ments of  his  late  fiither  and  others  in  producing  artificial 
gems  by  intense  heat,  and  stated  that  his  own  attention  was 
drawn  to  this  subject  some,  twenty-four  years  since,  by  Sir 
David  Brewster  presenting  him  with  a  specimen  of  topaz  con- 
taining fluid.  *  Since  that  time  he  had  examined  a  large 
number  of  crystals,  of  various  kinds,  from  the  collections  of 
friends ;  and  had  foimd  fluid  in  quartz  from  South  America, 
Norway,  the  Alps,  Ireland,  Snowdon,  and  the  Isle  of  Man; 
and  in  fluor  spar  from  Derbyshire;  this  latter  specimen 
contained  a  considerable  quantity  of  fluid,  which  burst  the 
crystal  at  180°  temperature.*  He  suggested  the  employment 
of  the  microscope  as  a  valuable  assistance  in  detecting 
spurious  from  real  gems;  very  few  of  the  latter  are  perfect, 
and  the  flaws  and  cavities  are  so  distinct  in  character  from 
those  which  are  so  abundant  generally  in  artificial  gems  that 
very  little  experience  is  sufficient  for  the  purpose.  This 
mode  of  testing  of  course  is  limited  to  transparent  crystals, 
but  might  be  employed  when  the  usual  methods  are  not 
practicable.  He  also  mentioned  Mr.  Sorby's  (F.R.S.)  dis^ 
covery  of  fluid  cavities  in  the  quartz  of  granite,  in  the  quartz 
of  volcanic  rocks,  and  also  in  the  feldspar  ejected  from  the 
crater  of  Vesuvius,  and  Mr.  Sorby's  method  of  determining 
the  temperature  at  which  various  rocks  and  minerals  are 

*  After  this  Paper  was  written,  Sir  Dayid  Brewster  informed  the  Author 
that  the  fluid  contained  in  orystals  of  fluor  spar  was  water,  and  that  the 
ca?ities  burst  at  a  temperature  of  150*. 
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formed.  At  the  oonolu8ion  of  the  meeting,  cr3r8tal8  con- 
taining fluid  were  exhibited  under  the  microscope^  and  the 
expansion  of  the  fluid  by  elevating  the  temperature  of  the 
crystal  whilst  under  examination. 


»1 


Ordinary  Meeting,  February  4th,  1868. 

Edward  Schunck,  Ph.D.,  F.RS.,  &c..  President,  in  the 
Chair. 

Among  the  donations  announced  were  several  bottles  of 
Chemical  Products  for  the  Society's  collection,  firom  Dr. 
F.  Crace  Calvert,  F.R.S.,  &c. 

The  thanks  of  the  Society  were  voted  to  Dr.  Calvert  for 
his  valuable  donation. 

"  On  Some  Constituents  of  Cotton  Fibre,"  by  E.  ScHUNCK, 
Ph.D.,  F.RS.,  &c..  President 

It  is  generally  supposed  that  cotton,  when  quite  pure, 
consists  entirely  of  woody  fibre  or  cellulose,  and  that  its 
composition  is  consequently  represented  by  the  formida 
Ci2  Hio  OiQ.  It  is  certain,  however,  that  in  the  raw  state,  as 
furnished  by  commerce,  it  contains  a  number  of  other  ingre- 
dients, some  of  which  occur  so  constantly  that  they  may  be 
considered  essential  constituents  of  cotton,  viewed  as  a  vege- 
table product  The  object  of  the  bleaching  process  to  which 
most  cotton  fabrics  are  subjected  is  to  deprive  the  fibre  of 
these  other  ingredients  and  leave  the  cellulose  behind  in  a 
state  of  purity.  Notwithstanding  the  importance  of  an 
accurate  knowledge  of  everything  relating  to  cotton  from  an 
industrial  point  of  view,  the  substances  contained  in  it  along 
with  cellulose  have  never  been  subjected  to  a  special  chemical 
examination,  and  very  little  is  consequently  known  about 
them.  Persoz,  in  his  Traits  de  Vlmpreaaion  dea  Tisaxia, 
PloonpiircMh— Lit.  &  Phil.  Sooutt— Yol.  VII.^No.  9.^3iiiioiry  1S07-8. 
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says  that  the  woody  fibre  constituting  the  tissues  of  cotton, 
hemp,  linen,  &a,  is  not  pure;   it  contains  1st,  a  certain 
quantity  of  colouring  matter,  which  is  more  or  less  shielded 
from  the  action  of  decolorising  agents  by  the  bodies  which 
accompany  it,  naturally  or  accidentally;   2ndly,  a  peculiar 
resin  natural  to  the  fibre,  insoluble  in  water  and  soluble 
with  difficulty  in  alkalies,  which  plays  the  part  of  a  reserve 
and  protects  the  colouring  matters  inherent  in  the  fibre  from 
the  action  of  the  agents  which  ought  to  destroy  and  remove 
them;  3rdly,  a  certain  quantity  of  fatty  matter,  of  which  a 
very  small  portion  is  peculiar  to  the  fibre,  the  greatest  part 
being  derived  from  the  operations  of  spinning  and  weaving ; 
4thly,  a  neutral  substance,  either  flour,  starch,  or  glue,  which 
has  been  introduced  by  the  weaver  in  sizing  his  warp ;  5thly, 
inorganic  saline  matters,  some  of  which  belong  to  the  fibre, 
while  the  others  are  derived  from  the  water  and  the  matters 
employed  in  the  dressing  of  the  warp.    In  the  excellent  article 
on  Bleaching  in  the  new  edition  of  Ure's  Dictionary  of  Art^ 
there  is  a  frdl  account  of  these  and  other  impurities  of  cotton 
fabrics,  comprising  all  that  was  known  at  the  time  when  ihe 
author  commenced  his  examination. 

The  object  which  the  author  had  in  view  in  undertaking 
his  investigation  was  to  endeavour  to  throw  a  littie  more 
light  on  the  nature  of  those  substances  which  are  contained 
in  or  attached  to  the  fiumework  of  cellulose,  of  which 
cotton  fibre  mainly  consists,  and  which  are  together  with 
the  latter  produced  by  the  plant  All  foreign  and  extra- 
neous matter  introduced  during  the  process  of  manufacture 
waa  therefore  left  entirely  out  of  consideration.  The 
author  has  ftirther  confined  his  attention  to  those  consti- 
tuaits  of  the  fibre  which  are  insoluble  in  water  but  soluble 
in  alkaline  lye,  and  are  afterwards  precipitated  by  acid  from 
the  alkaline  solution.  Whether  cotton  contains  naturally 
any  substance  soluble  in  water,  or  which  being  originally 
insoluble  is   rendered  soluble   therein   by  the  ph)l6ng^ 


action  of  alkalies  is  a  question  on  which  the  author  pro- 
nounces no  decided  opinion. 

For  the  purpose  6f  bbtftKiii^  the  Mbstinc^  which  he  pro- 
posed to  examine  the  author  emifloy^d  Cotton  yam,  which 
he  preferred  to  unspun  cottoiifotS6V6ral  reasons,  the  princi- 
pal being  that  yam  is  comparatively  free  from  mechanical 
impurities,  such  as  fragments  of  seed-vessels,  &c.,  while  on 
the  other  hand,  if  proper  care  be  taken,  no  impurity  is 
.added  to  those  previously  existing  during  the  process  of 
spinning.  The  yarn  was  boiled  in  an  ordinary  bleacher's 
kier  for  several  hours  with  a  dilute  solution  of  soda  ash. 
The  resulting  dark  brown  liquor,  after  the  yarn  had  been 
taken  out,  drained  and  slightly  washed,  was  removed  from 
the  kier  into  appropriate  vessels,  and  mixed  with  an  excess 
of  sulphuric  acid,  which  produced  a  copious,  light  brown, 
flocculent  precipitate,  while  the  liquid  became  colourless. 
This  precipitate  was  allowed  to  settle,  the  liquid  was 
poured  off,  and  after  being  washed  with  cold  water  to 
remove  the  sulphate  of  soda  and  excess  of  acid  it  was  put 
on  calico  strainers  and  allowed  to  drain.  A  thick  pulp  was 
thus  obtained,  which  when  dried  assumed  the  appearance 
of  a  brown,  brittle,  horn-like  substance  translucent  at  the 
edges.  In  one  experiment  450  lbs.  of  yam,  made  from 
East  Indian  cotton,  of  the  variety  called  "Dhollerah," 
yielded  0*33  per  cent,  of  the  dried  precipitate.  In  another 
experiment  made  with  500  lbs.  of  yam,  spun  ft'om  Ameri- 
can cotton,  of  the  kind  called  in  commerce  "liiiddling 
Orleans,'*  0'46  per  cent,  was  obtained.  The  total  loss  sus- 
tained by  yarn  during  the  bleaching  process  amounts  to 
about  five  per  cent,  of  its  weight.  Only  a  small  portion  of 
the  matter  lost  is  therefore  recovered  by  predpitation  ot 
the  alkaline  extract  with  acid. 

This  precipitate  formed  more  especially  tlie  subject  o^  the 
author's   investigation.      It   was  found  to  coiisist   ali^osi 
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entirely  of  organic  substances,  and  of  these  the  following 
were  distinctly  recognised : — 

1.  A  species  of  y^;etable  wax. 

2.  A  flBitty  acid. 

3.  4.  Colouring  matters. 

5.  Pectic  acid. 

6.  A  trace  of  albuminous  matter. 

The  author  described  the  method  employed  by  him  for 
separating  these  substances  from  one  another  and  obtaining 
them  in  a  state  of  purity ;  and  he  then  gave  an  account  of 
their  properties  and  composition. 

The  waxy  matter  is  by  far  the  most  interesting  of  these 
substances.  It  is  insoluble  in  water,  but  soluble  in 
alcohol  and  ether.  If  a  concentrated  solution  in  boiling 
alcohol  be  allowed  to  cool,  the  greatest  part  is  deposited, 
causing 'the  liquid  to  assume  the  appearance  of  a  thick 
white  jelly,  consisting  of  microscopic  needles  or  scales. 
When  this  jelly  is  filtered  off  and  dried  it  shrinks  very 
much,  and  is  converted  into  a  coherent  cake,  which  has  a 
waxy  lustre  and  is  translucent,  friable  and  lighter  than 
water.  Its  melting  point  is  between  sy  and  84^*  C.  At  a 
higher  temperature  it  is  volatilised.  When  heated  on 
platinum  it  bums  with  a  very  bright  flame.  The  author 
thinks  it  probable  that  this  substance  covers  the  cotton 
fibres  with  a  thin  waxy  film,  and  thus  imparts  to  them  their 
well-known  property  of  resisting  water.  In  its  properties 
and  composition  it  approaches  very  nearly  the  better  known 
vegetable  waxes,  such  as  that  obtained  by  Avequin  fix>m 
the  leaves  of  the  sugar  cane,  and  that  which  is  found  on  the 
leaves  of  the  Camauba  palm.  The  author  thinks  that  the 
name  cotton  wax  is  sufficient  to  distinguish  it  from  these 
and  other  nearly  allied  bodies. 

The  fatty  acid  has  the  properties  and  composition  of 
margaric  acid.     It  is  white  and  crystalline,  fuses  at  53"  C, 
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and  gives  with  alkalies  compounds  soluble  in  water  which 
are  true  soaps.  It  is,  however,  probably  not  a  natural  con- 
stituent of  cotton  fibre,  but  rather  an  impurity  derived  from 
the  oil  of  the  seed  which  escapes  and  diffuses  itself  among 
the  cotton  before  or  during  the  process  of  ginning.  It 
might  also  have  had  its  source  in  the  oil  and  fat,  used  for 
greasing  the  cotton  spinning  machinery,  since  the  author 
employed  yam  in  all  his  experiments.  Persons  practically 
conversant  with  cotton  spinning  affirm,  however,  that  if 
ordinary  care  be  taken,  it  is  impossible  that  the  cotton  can 
become  contaminated  with  anything  of  a  fatty  nature, 
during  its  conversion  into  yam. 

The  colouring  matters  obtained  in  these  experiments  are 
without  doubt  the  substances  to  which  raw  cotton  owes  its 
yellowish  or  brownish  colour.  The  author  was  able  to 
distinguish  two  bodies  of  a  dark  brown  colour,  which  occurred 
in  all  kinds  of  cotton  examined  by  him.  Of  these  one  is 
easily  soluble  in  cold  alcohol,  and  is  left,  on  evaporation  of 
the  solution,  as  a  dark  brown,  shining,  brittle,  amorphous 
resin,  which  is  transparent  in  thin  layers.  In  boiling  water 
it  softens  and  melts  to  a  pasty  mass,  which  becomes  hard  and 
brittle  again  on  cooling.  When  heated  on  platinum  foil  it 
bums  with  a  bright  flame,  leaving  a  very  voluminous  coaL 
It  is  nearly  insoluble  in  ether.  It  dissolves  easily  in  concen- 
trated sulphuric  acid  and  glacial  acetic  acid,  with  a  brown 
colour.  It  also  dissolves  with  ease  in  caustic  and  carbonated 
alkalies,  giving  dark  yellowish-brown  solutions,  from  which 
it  is  re-precipitated  by  acids  in  light  brown  flocks.  The 
other  colouring  matter  resembles  this  in  most  of  its  properties. 
It  is,  however,  much  less  soluble  in  alcohol  Cold  alcohol, 
indeed,  dissolves  only  a  trace,  but  in  boiling  alcohol  it 
dissolves  with  tolerable  facility,  being  re-deposited,  on  the 
solution  cooling,  in  the  form  of  a  brown  powder.  This 
powder^  when  filtered  off  and  dried,  forms  coherent  masses 
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of  a  coloui*  varying  firom  light  to  dark  brown,  which  are  easily 
broken,  showing  a  dull  earthy  fracture.  Both  colouring 
matters  contain  nitrogen,  and  they  differ  therefore  in  consti- 
tution from  true  resins,  which  they  resemble  in  manj  of  their 
propertiea  The  peculiar  colour  of  the  so-called  "Nankin 
cotton  "  is  probably  due  to  a  great  excess  of  these  colouriog 
matters  existing  in  the  fibre.  It  is  certainly  not  caused  by 
oxide  of  iron. 

The  purification  of  the  pectic  acid  contained  in  the  brown 
precipitate  produced  by  sulphuric  acid  was  not  efifected 
without  diflBculty.  The  best  method,  according  to  the 
author,  consists  in  submitting  it  to  a  simple  process  of 
bleaching  with  chloride  of  lime,  by  which  means  the  impurity, 
consisting  of  brown  colouring  matter,  which  adheres  to  it 
with  great  pertinacity,  is  destroyed.  When  pure  it  has  ike 
properties  and  composition  ascribed  to  pectic  acid  by  Fremy. 
The  cotton  itself  probably  contains  pectose  or  pectine,  which 
is  converted  into  pectic  acid  by  the  action  of  the  alkaline  lya 
About  three-fifths  of  the  brown  precipitate  consists  of  pectic 
acid.  Of  the  remaining  two-fifths  the  colouring  matters 
constitute  by  far  the  largest  part,  the  wax  and  fatty  acid 
being  present  in  very  minute  quantities.  The  albuminous 
matter  was  not  isolated,  but  its  presence  was  indicated  by 
the  formation  of  a  small  quantity  of  leucine,  which  took 
place  when  the  brown  precipitate  was  submitted  to  the 
action  of  hydrate  of  soda.  A  large  quantity  of  oxalic  add 
was  formed  at  the  same  time,  no  doubt  from  the  pectic  acid. 

In  conclusion,  the  author  makes  some  remarks  in  regard 
to  the  part  which  these  bodies  may  be  supposed  to  play 
during  the  process  of  manufacturing  gun  cotton.  It  has 
been  asserted  that  the  instability  occasionally  observed  in 
gun  cotton  is  to  be  attributed  to  the  impurities  in  the  raw 
fibre,  forming,  by  the  action  of  nitro-sulphuric  acid,  bodies 
which    decompose    spontaneously  at    the    ordinary  or    a 
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slightly  elevated  temperature.  The  author's  experiments 
do  not  support  this  view,  sinx5e  the  substances  described  by 
him,  when  submitted  to  the  action  of  the  mixed  nitric  and 
sulphuric  acid  of  the  strength  employed  for  ma.king  gun 
cotton,  do  not  yield  explosive  compounds. 


PHYSICAL  AND  MATHEMATICAL  SECTION. 

January  28th,  1868. 

Joseph  Baxendell,  F.RA.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

**  On  Solar  Badiation,"  Part  IL,  by  Joseph  Baxendell, 
F.RA.S. 

It  has  been  shown  in  the  first  part  of  this  paper  that  the 
curve  laid  down  from  the  monthly  means  of  solar  radiation 
derived  from  the  five  highest  values  in  each  month,  or  those 
corresponding  to  the  five  clearest  days,  exhibits  two  maxima 
and  two  minima  occurring  respectively  in  April  and  Sep- 
tember, and  June  and  December.  In  order  however  to 
determine  the  influence  of  the  seasons  upon  the  amount  of 
solar  radiation  on  clear  days,  it  will  be  necessary  to  correct 
these  means  for  the  difference  of  meridian  altitude  of  the 
sun  in  the  different  months  of  the  year.  For  this  purpose 
I  have  employed  the  table  given  in  the  article  on  Climate 
in  the  EncyclopcBdia  Brltannica,  referred  to  by  Sir  John 
Herschel  in  a  note  at  foot  of  page  11  of  his  admirable 
Treatise  on  Meteorology;  and  I  have  neglected,  as  being 
immaterial  for  our  present  purpose,  any  correction  which 
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might  be  necessary  in  a  more  exact  inquiry  in  consequence 
of  equal  increments  in  the  difference  between  sun  and  shade 
temperatures  not  corresponding  exactly  to  equal  incrementB 
of  calorific  intensity  of  the  sun's  rays.  This  table  gives  for 
every  fifth  degree  of  altitude  the  calorific  intensity  of  sun- 
light, the  intensity  of  the  light  on  entering  the  earth's 
atmosphere  being  taken  =1.  If  the  rate  of  emission  of  heat 
firom  the  sun- were  constant,  and  change  of  season  exercised 
no  influence  on  the  absorptive  power  of  the  atmosphere,  the 
quotient  obtained  by  dividing  the  mean  value  of  solar  radia- 
tion on  dear  days  in  any  month,  by  the  number  in  this 
table  corresponding  to  the  sun's  meridian  altitude  in  the 
middle  of  the  month,  would  be  a  constant  quantity.  The 
results  given  in  the  following  table  will  however  show  that 
according  to  the  Oxford  observations  this  is  by  no  means 
the  case:  — 


iMottD  Amoont  of 

'  8<dar  BMliatioii 

oaOlMurdajt. 


JanQArj i  18*5 

Febmarr   I  17'6 

Maroh    ,  17-8 

April  '  20-8 

Mky    I  19-2 

June  (  18*1 

July    19-2 

Auguit   '  19-6 

September ;  20*0 

October 181 

NoTember 16'6 

December  130 


17  6 
26  82 
86  8 
47  67 
67    4 

61  84 
69  60 

62  28 
41  22 
29  48 
19  48 
14  69 


Nomber  in 

Fint  Cotanu 

dlTidedtar 

Number  tai 

Third  Colmufc. 


•87 
•61 
•61 
•68 
•71 
•72 
•72 
•69 
•66 
•66 
•48 


86-6 
84-6 
29*2 
29-8 
27*0 
261 
26-7 
284 
80-8 
82^8 
86*8 
89-4 


The  numbers  in  the  last  column  show  that  the  power  of 
the  atmosphere  to  absorb  the  heating  rays  of  the  sun  is 
much  greater  in  the  summef  than  in  the  winter  months,  the 
maximum  effect  taking  place  in  the  month  of  June,  when  the 


sun  attains  his  greatest  meridian  altitude,  and  the  miTiinn^^TT>  in 
December,  when  his  meridian  altitude  is  least.  As  the 
amount  of  aqueous  vapour  in  the  atmosphere  is  much  greater 
in  summer  than  in  winter,  this  result  tends  strongly  to  con- 
firm the  view  taken  in  my  paper  "  On  the  Theory  of  Rain," 
and  since  held  to  be  established  by  Professor  Tyndall's  experi- 
mental investigations,  that  air  charged  with  aqueous  vapour 
has  a  much  greater  power  of  absorbing  and  radiating  heat 
than  dry  air.  If  however  we  use  the  Greenwich  observa- 
tions in  this  investigation  we  shall  arrive  at  a  totally  differ- 
ent result.  Taking,  for  instance,  those  made  in  1857,  and 
treating  them  by  the  method  employed  in  discussing  the 
Oxford  observations,  we  have  the  results  shown  in  the  fol- 
lowing table :  — 


Hflsn  Amount  of 
Solar  Badiatkm 
onOlattrltayi. 

AMtade  of  ttie     ^^""f^^ 
SnnonthelMh     Tna^Mad. 
oftheMooth.   1    ^«*«»n»««»- 

Number  In 
nntOolamB 

Third  Colnmn. 

Jantiary 

9-0 
16-6 
18-2 
28-8 
24-8 
26-9 
26*8 
24-8 
22-9 
20-2 
9-6 
8-9 

.      /         1 
17  19 
26  42 
86  87      ; 
48  29      ' 

88 
61 
•62 
68 
71 
72 
72 
69 
06 
66 
43 
88 

28-6 
82-6 
29-8 
860 
84*9 
87-8 
87-2 
86*9 
862 
861 
22*4 
11-9 

Febmarr   

March    

April 

2ky    

67  81 

61  62 
69  69 

62  26 

June  

July   

Angurt  

Sq»tember 

41  21 
29  47      i 
19  62      1 
16  12 

Ootober 

Norember 

December  

. 

The  numbers  in  the  last  column  of  this  table  are  consider- 
ably greater  in  the  summer  than  in  the  winter  months,  thus 
indicating  a  greatly  reduced  absorptive  action  of  the  atmo* 
sphere  in  the  sun's  heating  rays  in  the  warmest  half  of  the 
year,  when  the  quantity  of  aqueous  vapour  in  the  air  attains 
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a  maximiiTn ;  a  result  directly  opposed  to  that  derived  from 
the  Oxford  observations,  and  to  the  conclusions  drawn  by 
Professor  Tyndall  from  his  experiments.  If,  however,  we 
examine  the  conditions  under  which  the  observations  were 
made  at  Greenwich,  we  find  that  while  the  ordinary  thermo- 
meters on  the  shade  stand  were  placed  with  their  bulbs  about 
4  feet  from  the  ground,  the  solar  radiation  thermometer  was 
placed  in  an  open  box  about  13  inches  high  with  its  bulb 
about  10  inches  above  the  bottom  of  the  box-  Now,  a  little 
consideration  will  show  that  on  a  clear  cahn  day  in  summer 
the  air  in  this  box  will  be  heated  to  a  temperature  several 
degrees  above  that  of  the  aii*  at  4  feet  from  the  ground; 
while  on  the  other  hand  in  winter  it  will  often  be  several 
degrees  colder.  The  readings  of  a  thermometer  placed  in  it 
will  therefore  be  too  high  in  summer  and  too  low  in  winter ; 
and  the  magnitude  of  the  errors  may  well  be  sufficient  not 
only  to  mask  th^  true  actioii  of  th^  varying  amount  of  the 
aqueous  vapour  in  the  atmosphere,  but  to  lead  to  conclusions 
directly  at  variance  with  the  trutL 

The  heating  effect  of  the  sun's  rays  at  the  surface  of  the 
earth  during  a  given  interval  obviously  depends  upon  the 
the  greater  or  less  prevalence  of  cloud  or  haze,  and  it  is  also 
evident  that  the  amount  of  the  latter  will  in  general  depend 
upon  the  degree  of  humidity  of  the  air  as  determined  from 
observations  taken  with  the  dry  and  wet  bulb  thermometers. 
Any  alterations  therefor^  which  may  take  place  in  the  calo- 
^c  intensity  of  the  s\in's  light  ougl^t  to  be  indicated  by  a 
cpmparison  of  the  differences  between  the  mean  temperatures 
of  th^  air  and  of  evaporation,  and  tiiose  bet^ireen  the  maxi- 
inuxntempe|:aturesintbesunandintheshade.    Th^valuQsof 


101 


these  elements  fpr  the  yea^  1859-64  at  Oxford,  and  their 
ratios,  are  as  follows :  — 


/■ 

Tempontore 

ofAirlMa 

T«nper»tare 

Ratio. 

1869  

12-86 

10-78 

1124 

9-87 

9-78 

9-81 

2-67 
1-98 
2-49 
2-72 
2-87 
2-73 

4-81 
6-44 
4*61 
3-44 
340 
8-69 

1860  

1861  

1862  

1868  

1864  

A  projection  of  the  ratios  gives  a  curve  closely  resembling 
the  curve  No  I,  diagram  B  (p.  39),  and  therefore  strongly 
supporting  the  view  that  the  calorific  intensity  of  the  sun's 
Tfkys  vm^  ^^  fi  period  corresppndiog  with  the  solar  spot 
period. 

If  instead  of  the  difference  between  the  mean  tempertures 
of  the  air  and  of  evaporation  we  employ  the  difference  be- 
tween the  mean  temperatures  of  the  air  and  of  the  dew  point 
we  obtain  the  following  ratios. 


1869  

283            1 

2-67 

^17 

1-66 

1-66 

1-72 

I860  

1861  

1862  

1863  

18W  

It  will  be  seen  that  the  curve  representing  these  ratios  is 
identical  in  form  with  that  representing  the  last  series  of 
ratios,  as  indeed  might  have  been  expected. 

Proceeding  now  to  apply  the  same  method  to  the  treat- 
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ment  of  the  mean  monthly  values  of  solar  radiation  we 
have  the  following  table : — 


Meaa  Monthly 
Solar 

BwllBtlOIL 

Mean 

Temperatore 

of  Air  len  Mean 

Temperature 

SatJo. 

January 

6-51 

916 

1008 

1-31 
175 
2-36 
300 
3-78 

4-20 
528 
4-27 
4-41 
3-41 

Pebmarr 

March    

April 

13*23 

May    

12-90 

12-98 

13-81 

14-03 

13-71 

9-66 

8-00 

4-50 

Jane . . 

3-43         '         876        1 
415        j         8-32 
3-78        '         8-76 
2-81         ,         4-88 
205                 471 
1-41                 5-67 

July    

August  

September 

October 

NoTember 

December  

115                  3-91         1 

1 

Before  the  true  import  of  the  numbers  in  the  last  column 
can  be  clearly  understood,  it  wiU  be  necessary  to  apply  cor- 
rections for  the  changes  of  meridian  altitude  of  the  sun  in 
the  different  months  of  the  year,  and  employing  for  this 
purpose  the  table  in  the  article  on  climate  in  the  Encydo- 
pcedia  Britcmnica  already  referred  to,  we  obtain  the  follow- 
ing corrected  numbers : — 


January 

1-59 
2-66 
2-60 
3-00 
2-42 
2-70 

July    

2-39 
2-59 
317 
2-63 
2*44 
1-29 

FebruaxT   

August  

March    

September    .   .... 

April  

October 

]^y ...::: ::;:;::: 

Noyember  .  .    .... 

June  

December      

The  highest  values  occur  in  April  and  September,  the 
months  in  which  the  diurnal  oscillations  of  the  dedination 
magnetometer  are  greatest,  and  the  general  course  of  the 
niunbers  indicates  that  clouds  and  haze  are  less  prevalent^ 
or  less  dense,  or  their  power  of  absorbing  the  heating  rays 
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of  the  sun  less  active,  in  the  spring  and  autumn  than  in  the 
winter  and  summer  months ;  and  in  connection  with  this  it 
may  be  remarked  that  the  rate  of  change  in  the  difference 
between  the  temperature  of  the  air  and  the  temperature 
of  evaporation  is  greatest  in  the  months  of  April  and 
September. 

Since  the  first  part  of  this  paper  was  printed  in  the 
Society's  Proceedings,  Mr.  Mackereth,  F.RA.S.,  has  com- 
municated to  the  Phjrsical  and  Mathematical  Section  the 
monthly  results  of  his  Solar  Radiation  Observations  made  at 
Eccles  during  the  five  years  1862-66.  As  these  observations 
were  made  with  a  black-bulb  thermometer  placed  somewhat 
similarly  to  that  used  at  Oxford,  and  as  the  series  extend 
two  years  beyond  the  Oxford  series,  it  was  evidently  very 
desirable  to  examine  how  far  they  confirmed  the  conclusions 
derived  from  the  Oxford  observations.  The  mean  annual 
values  of  solar  radiation  having  been  deduced  from  the 
monthly  means,  and  Mr.  Mackereth  having  kindly  supplied 
me  with  the  annual  mean  temperatures  of  the  air  and  of  the 

dew-point,  they  were  treated  on  the  plan  employed  in  dis- 
cussing the  Oxford  observations.  These  data  and  the  results 
thus  derived  from  them  are  shown  in  the  following  table : — 


TtaQMntard 

Meui 
TMnpantOM 

Dew  Point. 

DifleMDo*. 

Meaa 

ABKmnt 
of  Solar 
BMUatioiL 

UMo. 

1862  

47-8 
48-8 
470 
48-6 
48-8 

• 
42-3 
42*3 
40-5 
48-3 
42-8 

• 
60 
60 
6-5 
6-3 
6-0 

10-90 

11-47 

11-50 

9-72 

8-25 

218 
1-91 
1-77 
1-88 
1-37 

1868  

1864  

1865  

1866  

The  mean  ratio  for  the  two  years  1865-6  is  1*60,  while 


that  for  the  years  1862-4  amounts  to  1-95.  It  appears  there- 
fore that  the  calorific  intensity  of  the  sun's  rays  continued 
to  diminish  for  two  years  after  the  termination  of  the  Oxford 
series,  ahd  as  the  observations  of  Schwabe,  Wolf,  Balfour 
Stewart,  and  others,  have  shown  that  the  frequency  of  solar 
spots  also  diminished  during  these  two  years  the  probability 
that  a  close  connexion  exists  between  the  two  phenomena  is 
considerably  increased  by  the  results  of  Mr.  Mackereth's 
short  but  valuable  series  of  observations. 

On  comparing  the  Oxford  and  the  Ecdes  series  of  results 
it  will  be  seen  that  the  values  for  the  years  which  are  com- 
mon to  both  (1862-4)  are  greater  at  Eccles  than  at  Oxford 
in  the  ratio  of  117  to  I'OO,  thus  indicating  that  the  blackened 
bulb  of  the  thermometer  at  Eccles  absorbs  radiant  heat  more 
readily  than  that  at  Oxford.  Dividing  the  Ecdes  mean 
annual  values  by  117  in  order  to  reduce  them  to  the  Oxford 
scale  and  recalculating  the  ratios  we  have 


B«iQoedVahiM 
of  Solar  Blkdiatkn. 

Batfoa. 

1862  

9-88 
9-82 
9-84 
8-82 
706 

1-82 
1*68 
1-61 
1-57 
117 

1888  

1864  

1866  

1866  

. 

Combining  now  the  two  series  of  ratios,  and  taking  tlie 
means  of  the  two  values  given  for  each  of  the  three  years 
1862-4,  we  have  finally,  the  following  series  of  corrected 
ratios  all  referred  to  the  same  scale,  and  therefore  strictly  com- 
parable with  «ach  other.     I  have  added  for  comparison  the 


number  of  groups  of  solar  spots  obseVved  in  eitcb  year  hy 
Schwabe : — 


of  Solar  Spoto. 

185d  

2-38 
2-67 
217 
1-74 
164 
1-61 
1-57 
117 

205 
211 
204 
160 
124 
130 
93 
46 

1  I860  

1  1861  

1862  

1863  

1  1864  

1866  

1866  

The  curves  laid  down  from  these  two  series  of  numbers 
present  so  close  a  resemblance  in  their  general  form,  that  it 
seems  impossible  to  resist  the  conclusion  that  the  causes 
which  influence  the  frequency  of  solar  spots  also  produce 
corresponding  changes  in  the  calorific  intensity  of  the 
sun's  rays. 

In  addition  to  the  conclusions  drawn  from  the  discussion 
in  the  first  part  of  this  paper  we  have  now  the  following : — 

1.  The  power  of  the  atmosphere  to  absorb  the  heating 
rays  of  the  sun  is  much  greater  in  the  siunmer  than  in  the 
winter  months,  and  depends  apparently  upon  the  amount  of 
aqueous  vapour  which  it  contains. 

2.  Clouds  and  haze  are  less  prevalent  during  the  day,  or 
their  power  to  intercept  the  heating  rays  of  the  sun  is  less 
active  in  the  spring  and  autumn  than  in  the  winter  and 
summer  months. 

3.  Observations  of  solar  radiation  made  with  a  black 
bulb  thermometer,  to  be  of  value,  ought  to  be  taken  with 
the  radiation  thermometer  placed  at  the  same  height  above 
the  ground  as  the  shaded  maximum  thermometer,  with 
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which  it  is  compared;  but  while  freely  exposed  at  all  times 
to  direct  sun-light,  it  ought  to  be  protected  as  much  as  pos- 
sible from  disturbing  influence& 

4.  Solar  radiation  observations  made  on  a  plan  similar 
to  that  adopted  at  Oxford,  show  that  the  calorific  intensity 
of  the  sun's  light  continued  to  diminish  during  the  ye&rs 
1865-6,  when  the  fi^uency  of  solar  spots  was  also  diminish- 
ing, thus  giving  additional  weight  to  the  probability  that 
changes  in  the  heating  power  of  the  sun's  rays  are  inti- 
mately connected  with  variations  in  solar  spot  frequency. 
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Ordinary  Meeting,  February  18tb,  1868. 

Edward  Schunck,  Ph.D.,  F.RS.,  &c.,  President^  in  the 
Chab:. 

Dr.  EL  K  Roscos,  F.RS.,  communicated  some  of  the 
results  of  his  recent  researches  "  On  the  Properties  of  Vana- 
dium," and  exhibited  specimens  of  some  of  the  more  interest- 
ing of  its  compounda 


Ordinary  Meeting,  March  8rd,  1868. 

Edward  Schunck,  Ph.D.,  F.RS.,  fee.,  President,  in  the 
Chair. 

**  On  the  Lunar  Crater  Linn^"  by  Herr  J.  F.  J.  Schmidt, 
Director  of  the  Observatory  at  Athens.  Extract  firom  a 
letter  dated  February  6th,  1868,  addressed  to  Mr.  Reimers, 
of  Manchester.    Communicated  by  J.  B.  Dancer,  F.RA.S. 

"  When  I  received  your  letter  I  had  just  returned  from 
the  Sartorin  Islands.  As  regards  the  Linn^  crater,  I  find 
that  it  stiU  presents  the  same  appearance,  viz.,  as  a  white 
cloud ;  but  when  the  light  is  very  sharp,  I  see  more  fre- 
quently than  before  a  small  opening  or  hole  about  one-tenth 
the  diameter  of  the  former  crater. 

"  After  the  publication,  by  Baill  of  Leipsic,  of  my  great 
Catalogue  of  the  Ravines  or  Crevasses  of  the  Moon,  I  dis- 
covered many  other  remarkable  ones — an  account  of  which 
I  shall  send  soon  to  the  Lunar  Committee  in  London.  The 
most  complete  account  of  my  observations  on  Linn^  you 
Paooiipnr€HH-LiT.  A  Phun  Sooutt— Yol.  yiI.-*No.  lO.^SmnoiTi  lQ$7-8, 
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will  find  in  my  general  report  to  the  Academy  of  Vienna, 
published  by  Gerold. 

''No  eruption  of  a  telluric  nature  can  be  the  cause  of  a 
change  in  Linnd,  but  a  filling  up  of  the  crater  by  masses 
of  mud  or  dust;  otherwise  the  shadow  of  the  smoke,  as  in 
on  ordinaiy  eruption  such  as  I  observed  at  Yesn'viiis  and 
at  the  Sartorin  Islands,  would  not  have  escaped  my 
observation.'' 

"Brief  Notes  on  the  Laws  of  Physical  Fwce,"  byJ.  C. 
Dyeb,  Esq.,  V.P. 

The  wide  acceptance  of  the  new  doctrine  of  4he  ocoaer- 
vation  of  physical  energy,  or  force,  has  led  me  to  submit  a 
few  remarks  thereoa 

In  the  first  place,  let  us  keep  in  mind  that  there  are  five 
kinds  of  natural  forces  continually  exerted  by  material 
bodies.  Three  of  these  are  mechanical  forces,  and,  as  sudi, 
are  measurable  by  the  known  laws  of  physics — viz.,  the 
force  of  gravity,  of  inertia,  and  of  elasticity,  each  being  co- 
extensive with,  and  inherent  properties  of  all  tangible 
bodies.  The  actual  exertion  of  these,  by  their  equal  action 
and  reaction,  serves  to  sustain  ihe  positions  and  forms 
(whether  in  motion  or  at  rest)  of  the  entire  material  uni- 
verse ;  and  it  is  only  by  the  observed  action  of  such  balanced 
forces  that  we  are  assured  of  the  existence  of  material 
bodies. 

Many  theories  have  been  propounded  to  aooount  for  the 
presence  of  these  several  forces  in  matter;  jret  no  real  light 
has  been  shed  upon  the  questions  involved  in  such  inquiries 
beyond  the  lact  that  all  these  forces  are  found  to  be  essen- 
tial forces  of  the  bodies  exerting  thencL  The  two  fiist 
are  directly  as  the  quantity  of  matter,  and  the  third  or 
elastic  force  varying  in  degrees  of  action  according  to  the 
condition  of  bodies  as  solids,  liquids,  gases,  or  vapours.  I 
have  elsewhere  aimed  to  show  that  a  pervading  "caiorifio 
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element"  coDstituies  the  essence,  or  is  the  source,  of  the 
elaatic  forces  in  all  ponderable  bodies  —  a  question  here 
parsed  by. 

Besides  the  above  mechanical  forces,  we  have  to  consider 
the  two  other  forces,  namely,  the  chemical  and  vital  forces. 
The  affixdties  and  repulsions  of  the  component  parts  of 
matter,  by  which  its  mutations  are  affected,  constitute  the 
chemical  forces.  These  forces  are  of  varying  and  complex 
intensities,  and  are  stUl  but  vf^guely  understood  even  by 
our  most  able,  practical  chemists;  yet  the  reality  of  such 
forces  is  extensively  evidenced  to  our  senses,  though  they  ajre 
seldom  such  as  can  be  distinctly  measured  like  the  mechani- 
cal forces. 

With  respect  to  the  vital  forces,  they  are  of  a  still  more 
complex  and  recondite  nature,  and  we  must  be  content  in 
our  present  state  of  knowledge  to  place  these  forces  among 
the  many  other  sublime  and  mysterious  laws  impressed 
upon  organic  jnatter  by  an  all- wise  Providence,  and  which 
are  not  yet  placed  within  the  range  of  man's  mental  virion. 
We  simply  know  that  the  vital  forces  are,  in  part,  controlled 
by  the  will,  and  a  greater  portion  of  them  are  called  into 
action  by  organic  stimulants ;  and  since  both  kinds  of  action 
cease  with  death,  they  are  properly  treated  as  vital  forces. 
Whilst  we  know  not  how  the  vital  forces  control  the  me- 
chanical and  chemical  forces  exerted  in  and  by  living  beiogs, 
there  is  no  lack  of  proof  that  they  do  in  fact  command  the 
other  forces  exerted  through  organic  nature. 

I  shall  here  cite  an  eloquent  passage  from  an  essay  (given 
in  a  popular  journal,  (hice  a  Week,  for  13th  October,  1865) 
by  one  of  the  most  able  exponents  of  what  is  called  the 
"New  Philosophy,"  as  follows,  namely : — ''The  great  philo- 
sophical doctrine  of  the  present  era  of  science,  as  the  conser- 
vation of  energy  has  been  worthily  styled — teaches  us  that 
the  activity  which  we  see  manifested  in  all  r  the  natural 
forces  is  a  constant  quantity,  or  ,in  other  words,  ^hat  there 
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is  a  definite  amount  of  force  distributed  through  nature, 
which  is  invariable  in  amount,  and  which  we  can  neither 
add  to  nor  take  from,  but  whilst  the  force  in  one  form  dis- 
appears, it  reappears  in  another  form.  But  what  do  we 
mean  by  the  term  force  ?  The  simplest  definition  of  the 
term  is  that  which  describes  it  as  something  which  produces 
or  resists  motion.  When  we  think  of  force  we  think  of 
something  moving  or  moved." 

This  definition  of  the  term  force  would  be  imexception- 
able,  if  what  is  called  force,  be  held  simply  as  indicating 
the  properties  of  the  bodies  in  which  it  acts,  and  not  as  a 
something,  or  energy,  existing  by  itself,  as  an  entity,  apart 
from  matter,  but  as  a  pai-t  of  it  Were  it  merely  intended 
to  declare,  that  the  sum  of  the  mechanical  forces,  as  gravity, 
inertia,  and  elasticity,  is  a  constant  quantity,  just  as  is  that 
of  the  bodies  in  which  these  forces  are  inherent  properties, 
then  there  would  be  no  grounds  for  asserting  this  jEetct,  as 
disclosing  a  "great  new  doctrine;"  for  the  indestructible 
nature  of  matter,  and  of  its  properties,  were  physical  truths 
known  and  taught  in  our  childhood. 

The  relations  of  matter  and  force — ^at  least  as  regards  the 
mechanical  forces — have  been  set  forth  in  such  ample  de- 
tail, comprising  all  known  facts,  in  the  elements  of  physical 
science,  that  it  would  seem  needless  to  repeat  the  facts,  of 
the  unchangeable  nature  of  the  material  universe,  both  as 
to  the  amount  of,  and  the  kind  of  forces,  pertaining  to 
matter,  but  for  the  enunciation  of  theories  implying  such 
changes,  wherefore  to  treat  of  the  conservation  of  the 
natural  forces,  and  of  the  disappearance  of  "  one  kind  of 
force  and  reappearance  of  another  kind,"  must  be  held  as 
employing  unmeaning,  or  misleading  terms.  It  is  not  that 
any  of  the  forces  themselves  can  disappear,  or  be  changed 
from  one  to  another  kind  of  force;  but  that  the  motions 
generated  by  them  may  cease,  or  be  rendered  quite  uniform 
when  the  moving  forces  are  exactly  balanced,  by  their 
action  in  opposite  directions. 
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In  short,  the  term  force,  used  in  an  abstract  sense,  and 
without  defining  the  kind  of  force  intended,  is  worse  than 
idle  or  unmeaning,  because  when  so  used  by  eminent  phy- 
sicists, it  cannot  fail  to  puzzle  and  mislead  the  younger 
students  in  the  sciences.  The  author  quoted  frankly  states 
that  the  dogmas  he  expounds — "  seem  not  quite  so  dear  to 
the  unscientific  mind." 

Considering  that  this  dty  is  so  widely  distinguished,  for 
its  practical  application  of  the  mechanical  and  chemical 
sciences,  it  would  reflect  much  discredit  on  the  community, 
for  us  to  be  unable  to  comprehend  the  simple  elements  of 
the  natural  forces,  so  largely  guided  by  our  hand&  Hence, 
a  few  words  seem  called  for,  to  distinguish  the  several 
forces,  acting  conjointly,  or  separately;  and  to  protest 
against  their  being  confounded  together,  as  an  abstract 
entity  to  be  conservated. 

There  seems  no  groimd  for  asserting  any  new  discoveries 
relating  to  the  natural  forces;  yet  a  boimdless  field  lies 
before  us,  for  new  applications  of  those  forces,  to  the  ever 
expanding  and  varying  uses  of  man. 

In  addition  to  the  before-mentioned  fallacies,  of  including 
all  physical  forces  under  one  head,  and  treating  them  as  an 
abstract  entity,  it  is  assumed  by  the  new  philosophy,  that 
vast  mechanical  forces,  are  continually  exerted  by  special 
natural  agencies,  which  hitherto  have  not  been  known  to 
exert,  or  to  possess  this  kind  of  force  in  any  degree.  To 
sustain  this  assumption,  its  authors  have  not  been  able  to 
adduce  any  facts,  or  even  analogies,  in  known  phenomena,  to 
prove  or  render  probable  the  exertion  of  such  forces,  as,  for 
instance,  the  alleged  mechanical  forces  of  the  solar  rays,  when 
they  are  intercepted  by  aqueous  vapour  in  the  air,  and  the 
like  forces  assumed  to  be  in  continuous  action,  by  and 
among  the  agitated  atoms  and  molecules,  or  the  ultimate 
particles  of  tangible  bodies,  and  thus  by  their  internal 
motions,  tending  to  change,  or  to  restore  their  sizes  and 
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forms,  when  the  bodies  are  faltered  in  either  by  external 
forcea  Now,  considering  that  such  ultimate  particles^ 
called  "atoms"  and  "molecules"  are  not  discoverable  by 
any  analysis  of,  or  known  mutations  of  matter,  to  assert  thfe 
exertion  of  such  invisible  moving  forces,  as  apart  from  the 
tangible  matter  exerting  those  forces,  is  clearly  a  gratnitons 
assumption,  unwarranted  by  any  known  properties  of 
material  bodies.  With  respect  t6  the  solar  rays,  we  hfeve 
many  striking  evidences  of  their  chemical  action  in  teires- 
trial  phenomena;  but  no  proof 'whatever  has  yet  bfeen 
adduced,'  to  show  their  mechanical  fdrce  or  action  upon 
tangible  bodies,  unless  their  impinging  on  the  optic  nerves, 
giving  the  sensation  of  light,  may  be  held  to  be  a  mechanical 
action ;  but  even  if  this  be  so,  the  force  exerted  can  be  but 
slight  Wherefore  these  newly  discovered  forces  must 
"  vanish  into  air,  into  thin  air." 

From  the  same  high  authority  (before  named)  after 
giving  a  brilliant  exposition  of  "the  source  of  the  solar 
rays,"  or  as  it  is  termed,  "thiB  origin  and  sustentation  of 
the  heat  of  the  solar  furnace  "—and  showing  how  the 
growth  of  vegetables  depends  on  the  solar  influence,  and 
that  our  stores  of  coal  come  from  plcLnts,  also  that  by  the 
combustion  of  coal,  steam-power  is  obtained  aiid  machinery 
driven,  &c.  &c.  The  author  then  adduces  the  foUbwing 
case,  namely — 

"From  machine  power,  we  turn  to  muscular  power. 
Between  the  steam-engine  and  living  bodies  there  is  the 
closest  analogy.  The  nutritive  materials  upon  which  life 
depends,  are  no  more  nor  less  than  combustible  substanc^^ 
which  actually  \mdergo  a  slow  combustion.  The  conversion 
of  food  into  work  done,  is  effected  by  the  same  process  as 
that  which  turns  coal,  or  wood  into  motive  force.'' 

That  we 'must  eat  to  live,  and  the  steam-engine  must 
have  steam  to  work  it,  are  simple  fiicts  that  require  no 
comments ;  but  the  forces  exerted  to  Bustain  the  movem^itB 
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of  a  metallic  engine,  and  the  living  organisms,  are  so  widely 
different  in  the  two  cases,  that  one  could  hardly  expect  to 
see  their  close  analogy,  asserted  by  any  writer  on  the  laws 
of  physics,  except  imder  strange  illusions,  concerning  the 
kinds  of  forces  employed  in  the  economy  of  nature. 

It  is  an  obvious  fallacy  to  assert  such  close  analogy,  to 
exist  between  the  functional  energies  of  living  beings,  and 
the  force  of  steam  in  an  engine.  The  distinction  in  the 
two  cases,  is  plainly  seen  by  reference  to  the  two  kinds  of 
force,  called  into  action  by  each  of  them ;  the  first  being  a 
series  of  organic  energies,  that  connect  and  sustain  the 
necessive  motions,  through  the  complex  structure  of  the 
said  beings,  the  other  being  simply  the  elastic  force  that 
drives  the  engine.  To  support  this  alleged  analogy,  its 
authors  should  be  enabled  to  bring  some  sort  of  proofs,  that 
the  vital  forces  do  result  solely,  from  the  chemical  forces 
evolved  in  the  living  system ;  but  which  is  not  sustained 
by  any  known  £bm^,  or  deductions  from  facts.  No  "new 
philosophy  '*  is  required,  to  teach  us  that  all  organic  beings, 
depend  for  their  existence  on  solar  heat,  as  also  on  the  due 
supply  of  proper  food.  We  also  know  that  "  the  nutritive 
materials  for  sustaining  life,"  contain  a  large  portion  of 
carbon,  in  the  forms  of  gelatine,  fibrine,  saccharine,  starch, 
adepose  and  other  analagous  bodies  in  common  food ;  but 
these  fetcts  afibrd  no  explanation  as  to  the  origin,  develop- 
ment and  final  decay  of  "nature's  living  progeny." 

The  vital  forces,  from  the  first  germ  to  the  close  of  life> 
exhibit  in  a  dear  plan,  a  train  of  connected  and  harmonious 
action,  in  guiding  and  controlling  the  chemical  and  me- 
chanical forces,  that  are  exerted  in  carrying  on  the  functional 
powers  of  life — showing  that  the  vital  force  was  adapted  to 
and  designed  to  control  the  others. 

The  marvellous  energy  of  the  heart,  far  exceeds  the  force 
of  any  hydraulic  engine  of  the  like  size ;  the  forees  exerted 
by  the  peristiJidc,  and  other  internal  muscles,  as  also  the 
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chemical  forces  acting  through  the  longs,  stomach  and 
general  circulations  are  alike  inexplicable,  upon  any  theory 
however  ingenious,  of  slow  combustion,  or  of  machine 
power. 

Although  the  term  vital  force  may  be  somewhat  vague, 
it  seems  to  point  out  the  special  enei^es,  that  originate 
organic  forms,  and  to  multiply  and  expand  them  by  a  series 
of  spontaneous  actions,  from  the  seeds  and  ova,  to  build  up 
the  living  structures  of  plants  and  animals,  and  upon  the 
attainment  of  their  maturity,  the  subsidence  of  those 
energies  commences,  nor  can  any  intiinsic  aid,  or  stimuli 
prevent  their  extinction  at  the  appointed  time. 

K  the  term  force  be  made  to  include  those  exerted  by  tiie 
vital  organs,  and  if  the  conservation  of  such  forces  be  a 
practical  reality,  then  the  living  energies  need  never  to 
"  fade  away  and  expire,"  except  through  the  wilful  neglect 
of  the  conservative  doctors. 

I  win  here  add,  in  the  words  of  a  profound  thinker,  that, 
in  organic  life,  "every  train  of  development  exhibits  in  its 
course  an  adherence  to  plan,  which  can  only  have  its  ground 
in  an  internal  vital  destination.  It  exhibits  at  the  same 
time  an  independence  of  all  external  influences,  which  testi- 
fies to  the  internally  given  force  of  vitality."* 

It  must  be  observed  that  these  comments  on  vital  forces 
relate  solely  to  those  functional  energies  that  produce  physi- 
cal action,  and  which  are  quite  apart  from  the  "  moral  and 
intellectual  forces"  exerted  externally  by  sentient  beings 
upon  each  other  —  a  subject  of  wider  and  far  higher  nature 
than  any  of  mere  physical  action. 

I  venture  to  recommend  a  carefrd  perusal  of  the  learned 
and  eloquent  essay  (in  Chice  a  Week)  before  quoted,  in  order 
to  a  clear  and  full  comprehension  of  what  is  called  "  the 
great  philosophical  doctrine  of  the  present  era  of  science." 

All  know  that  in  the  act  of  breathing,  the  carbon  in  the 

•  Bmj  Sooi«tj't  Bot.  and  Phys.  Memoirt,  1S68. 
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blood  is  conveited  into  its  acid  form,  whereby  the  heat  of 
warm-blooded  animals  is  mostly  kept  up.  This  process  is 
properly  enough  termed  combustion.  It  is  alike  known 
that  in  the  act  of  digestion,  all  sorts  of  food  taken  into  the 
stomach  are  decomposed  and  converted  into  one  uniform 
fluid  (chyle),  which  process  bears  no  resemblance  whatever 
to  that  of  combustion  ;  yet  it  is  equally  certain  that  animal 
life  depends  as  strictly  upon  the  digestion  of  food  as  upon 
healthful  respiratioa  Indeed  those  chemical  powers  of  the 
stomach  are  even  more  hidden  and  wonderful  than  the 
mechanical  energy  of  the  heart  before  noticed. 

By  the  experiments  of  Dr.  Beaumont,  in  the  well-known 
case  of  the  Canadian  soldier's  (Si  Andrd's)  stomach,  it  was 
clearly  proved  that  the  many  l^ds  of  animal  and  vegetable 
food  taken  were  dissolved  and  converted  into  a  semi-fluid 
of  one  uniform  substance  in  the  course  of  about  two  to  four 
hours,  by  the  juice  or  fluid  secreted  by  the  epigastrium,  the 
secretions  following  in  succession  and  laying  hold  of  the 
morsels  of  food  as  they  were  swallowed. 

The  secreted  liquor  (gastric  juice)  has  never  been  formed 
in  any  other  than  "Nature's  laboratory,"  nor  has  the  chemist 
ever  been  able  to  discover  the  nature  or  constituents  of  this 
general  solvent.  How  puerile,  then,  to  talk  of  the  analogy 
of  these  vital  forces  with  those  of  slow  combustion. 

In  conclusion  let  me  add,  that  I  make  no  pretence  to  any 
novelty  in  what  is  above  said  relating  to  the  laws  of  force, 
but  merely  to  have  noticed  some  of  the  new  principles  and 
views  that  appear  to  be  wholly  untenable  under  every 
known  law.  To  treat  fully  the  many  physical  questions 
connected  with  the  natural  forces,  and  especially  those  of 
the  vital  forces,  would  demand  (in  place  of  a  few  pages)  a 
work  of  ample  size  and  labour,  without  exhaiisting  the 
inquiries  concerning  obscure  phenomena. 
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MIOROSOOPIOAL  AND  NATTTSAL  BHSTOBF  SBOTION. 
jAnuary  6th,  1868. 

J.  R  DAKCEBi  RRJuS.,  Freaideiii/  of  the  Section,  in  the 
Chair. 

Mr.  Stoebotham  exhibited  a  new  revolving  table  for 
Microscopical  purposes,  made  to  his  order  by  Mr.  Bogerson ; 
also  a  large  Duck's  egg,  containing  a  second  egg  with  a 
p^ect  shell 

Specimens  of  the  following  plants  were  oflTered  for  distri- 
bution among  the  members  by  Mr.  NoTCUTT :  Iberis  amaxa, 
Hierochloe  borealis,  CaucaJis  daucoidea 

Mr.  Dancer  read  a  Paper  entitled  ''Some  Remarks  on 
Crystals  containing  Fluid." 

Mr.  SiDJEBOTHAM  also  read  a  Paper  on  ''Some  of  the 
Rarer  Plants  found  near  Llandudno." 

[Both  these  Papers  were  afterwards  read  at  the  Ordinary 
Meeting  of  the  Society,  held  January  21st,  1868,  see  pages 
88—90.] 


January  2Tth>  1868. 

J.  B.  Dancer;  F.R.  A.S.,  President  of  the  Section,  in  the 
Chair. 

The  President  announced  the  death  of  J.  Hepworth, 
Esq.,  Surgeon,  who  had  occasionally  contributed  papers  to 
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the  Section.  Mr.  Hepworth's  industry  and  success  in  the 
preparation  of  injected  objects  for  the  microscope,  and  his 
liberality  in  placing  them  at  the  disposal  of  microscopists, 
was  well  known  and  appreciated  by  the  members  of  the 
Sectioa 

Mr.  Linton  exhibited  some  neatly  executed  drawings  and 
mounted  slides  of  a  Coccus  found  on  an  orange  sent  to  him 
by  Mr.  Heys.  The  late  Mr.  R.  Beck  discovered  this  Coccus  to 
be  of  the  same  species  as  those  found  on  a  Cotoneaster  and 
Rosebush  in  his  garden. 

The  President  exhibited  two  erecting  eyepieces  for  the 
microscope,  by*  Nachet  of  Tniis,  Instead  of  placing  the 
erector  between  the  eyepiece  and  object  glass,  as  is  usual  in 
the  English  instruments,  Nachet  combines  the  erector  and 
eyepiece  together.'  In  one  form  the  prism  is  placed  between 
the  eye  lens  and  the  field  lens  of  the  eyepiece ;  in  the  second 
form  the  prism  is  placed  over  the  eye  lens  of  the  eyepiece. 

He  also  exhibited  a  very  portable  compound  microscope 
for  travellers'  use. 

Mr.  Linton  exhibited  some  live  Diatoms  from  Southport 
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PHYSICAL  AND  MATHEMATICAL  SECTION. 
February  26th,  1868. 

E.  W.  BiNNEY,  F.RS.,  F.G.S.,  Vice-President  of  the 
Section,  in  the  Chair. 

"  On  the  Aurora  Borealis  as  a  Weather  Prognostic,"  by 
Thomas  Ogilvy,  Esq.  Communicated  by  Murbay  Glad- 
stone, F.RA.S. 

It  is  upwards  of  36  years  since  my  attention  was  directed 
to  the  aurora  borealis  as  a  weather  prognostic. 

I  was  then  residing  in  Cheshire,  having  frequently  to 
cross  the  river  Mersey,  and  ride  or  drive  several  miles  after 
dusk,  which  gave  much  opportunity  of  observing  the 
aurora,  and  of  remarking  the  nature  of  the  weather  which 
accompanied  and  followed  its  appearance. 

I  think  it  was  generally  seen  when  the  wind,  if  any,  was 
light;  and  in  Winter,  inclined  to  be  northerly,  with  a  ten- 
dency to  firost ;  and  when  the  corruscations  were  vivid,  and 
particularly  if  extending  towards  the  zenith,  or  showing 
much  motion,  I  remarked  that  the  aurora  was  almost 
invariably  followed  by  a  gale  of  wind,  with  rain,  from 
S.W. — within  from  forty-eight  hours,  to  four  days. 

The  more  brilliant  and  lively  the  appearance  and  motion 
of  the  aurora,  the  earlier  the  gale  which  followed  took  place, 
and  the  greater  was  its  severity.  Slighter  manifestations  of 
the  northern  lights  were  not  followed  by  any  appreciable 
change  of  weather. 
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One  of  the  most  striking  appearances  of  the  aurora  I 
ever  witnessed  was  at  Corrimony,  on  the  18th  November, 
1848.  It  was  of  a  deep  fiery  red  colour,  and  extended  all 
over  the  heavens ;  even  from  the  zenith  down  to  the  sum- 
mits of  the  southern  hills ;  and  within  two  days  it  was 
succeeded  by  one  of  the  most  violent  storms  of  wind  and 
rain  from  the  S.W.,  I  ever  witnessed  in  that  part  of  the 
kingdom. 

It  was  only  within  the  last  four  or  five  years  that  I  met 
with  an  extract  from  a  newspaper;  published,  at  the  time,  in 
one  of  the  midland  counties  of  England ;  in  which  reference 
was  made  to  the  same  appearance  of  the  aurora  borealis ; 
on  the  same  date,  and  about  the  same  hour  in  the  evening, 
eight  or  nine  o'clock.  It  gave  a  similar  description  as  to 
colour,  extent  over  the  visible  horizon,  &c.,  but  added  that 
it  was  not  followed,  "  as  usual,"  by  westerly  wind  and  rain. 
I  would  call  attention  to  this  fact,  as  it  serves  to  iUustiute  a* 
theory  I  would  offer  in  explanation  of  the  phenomenon 
generally. 

I  would  only  frirther  notice  an  observation  somewhat 
different  in  kind,  and  made  during  the  day ;  it  was  men- 
tioned by  my  grieve,  soon  after  I  went  to  reside  in  Elen 
Urquhart,  26  years  ago;  and  he  was  one  of  the  most 
observant,  and  intelligent  men  of  his  class  I  ever  met  with. 

On  a  brilliant  afternoon  towards  the  end  of  Summer,  I 
happened  to  remark  to  him,  how  very  fine  the  weather  had 
been  and  was,  when,  shading  his  eyes  from  the  Sun,  and 
looking  up  over  head,  he  repUed  that,  notwithstanding, 
there  would  be  rain  in  three  days,  "for  he  saw  it  in  the 
sky ;"  adding,  he  found  this  almost  always  right  On  inquiry, 
and  looking  up  in  a  similar  way,  I  discovered  that  what  he 
saw  was  a  faint  streaky  cloud,  nearly  in  the  zenith,  with  a 
shooting  and  sort  of  wavy  motion  towards  its  southern 
margin. 

This  prediction  was  verified  in  the  instance  here  referred 
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•  to;,  and  as  often,  afku^wMilm  aaf  I  happened  ia  remark  the 
aaone  appeamnces,  but  my  attention  ms  never  so  much, 
nor  fix>m'its  nature,  so  often  directed  to  tiiis  as  to  the  noc- 
turnal phenomenon;  and  I  do  not,  from  my  own  experience, 
speak  of  it  with  the  same  confidence — but  I  cannot  resist 
the  conclusion  that  it  is  the  same  meteor,  only  presentiDg  a 
fdiflSurent  af^^eaorance  as  seen  at  night,  and  in  bright  sun- 
light 

•  Erom  the  frequency  with  which  the  aurora  was  at  one 
time  brought  before  me,  I  was  gradually  led  to  form  some 
theory  explanatory  of  its  nature,  and  of  tiiie  weather  changes 
I  had  observed  to  sucoeed  it»  which  I  here  submijb,  with 
diffidenee,  for  consideration. 

I  would  first  notioe  a  remark  made,  if  I  recollect  aright^ 
by  Sir  John  Boss/  the  Arctic  navigator,  that  the  aunsa  was 
confined  to  the  lower  (or  lowest)  r^ons  of  the  atmosphere. 

That  this  should  be  the  ease  in  very  high  northeca  lati- 
tudes, would  be  quite  in  accordance  with  the  theory  I  have 
formed.  That  the  reverse  is  the  case  in  our  own  countiy 
>  may  be  inferred  from  the  appearances  in  >  Invemess-shire, 
and  in  England  in  November,  1848 ; — and,  I  believe,  from 
many  similar  phenomena  being  obs^rved^  at  the  same  times, 
over  wide  ranges  of  the  lower  latitudea  But  this,  if  cor- 
rect, is  equidly  in  accordance  with  the  theory. 

In  explanation,  I  will  suppose  it  may  be  assumed  that 
the  air  passes  from  the  poles  towards  the  Equator ;  where, 
being  rarified,  it  rises,  and,  in  considerable  d^ree,  at  leasts 
returns  back  tothe  poles,  in  the  higher  regions  of  the 
atmosphere. 

This  general  circulation  is,  no  doubt^  much  modified  nearer 
the  surfiMse  of  the  globe,  by  large  islands,  chains  of  moun- 
tains, and  more  especially  by  extensive  continent8,as  they  are 
heated  or  cooled  down  byihe  comparative  presence  or  absence 
of  the  sun's  rays.  But  where  not  influenced  by  such  caeea^  and 
in  those  latitudes  where  they  have  room  to  expand  and  find 
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uniniemipted  course  over  -a^^de  and  unfavoken  extent  of 
ocean,  the  unvarying  direotion  and  •  perennial  Jirtnre  of  the 
N.E.  and  S.E.  trade  winds  appears  to  prove  the  fact  of  a 
constant  flow  of  air  from  the  poles  towards  the  equator.  .  On 
their  approaching  the  equator,  these  winds,  as  might  be  an- 
ticipated, enter  a  zone  of  frequent  calms,:  and-  are  lost.  This 
constant  supply  of  air,  poured  from  both  poks  towards  the 
aquafior,  must  find  vent  in  some  way;:  and  wbiler  nmniiig 
down  the  NJL  trade  winds  on  a  voyage  to  Indicb,'  I  have 
repeatedly  observed,  through  the  intervals  of  the  lower 
clouds,  detached  thin  ones  moving  at: a  great  elevation 
towards  the  north,  and  directly  against  the  course  of  the 
tradei  winds  and  of  the  much  lower  but  heavier  stratum  of 
vapour  carried  along  wibh  them. 

At  the  changes  of  monsoons,  the  opposite  winds  are  fotmd 
charged,  respectively,  with  negative  and  positive  eleotrioity, 
and  heavy  storms  of  thunder  and  Ugfatoing  result  on  their 
meeting;  and  the  same  is  observed  in  a  minor  degree  when 
easterly  and  westerly  winds  meet  Magnetism,  so  powenfiil 
in  the  higher  latitudes,  is  weakened  tewards  the  equater ; 
and  if  it  may  be  inferred  that,  in  like  manner,'  the  positive 
electricity  brought  by  the  atmosphere  from  the  poles  is  dis- 
charged on  approaching  the  equater  and  becomes  negative, 
an  explanation  would  be  afforded  of  the  cause  and  nature  of 
the  aurora  borealis. 

This  is  distinctly  given  ad  his  opinion  by  the  late  Admiral 
Fitzroy,  in  his  report  of  1864,  on  the  Polar  and  Equatmal 
Air  Currents.* 

*  "  We  haye  bIbo  fouDd  the  telegraph  wires  nrnoh  diflturbed  when  these 
main  (principal)  currents  were  beginning  to  act  positiTelj  in  force.  No  great 
tempest — no  heayj  polar  or  tropical  gale  has  occurred  here  since  1860 
without  more  or  less  *  wire  disturbance*  (as  the  telegraphists  say)  ;  and  I  am 
led  bj  these,  with  other  concomitant  &ots,  and  examination  of  numerous 
sea  records,  as  well  as  registers  on  land,  to  beliere  that  such  electric  effects 
are  caused  bj  atmospheric  collision,  and  that  '  magnetic  storms^*  sedulously 
iratohed  now  at  many  obserratoriet,  are  retultt  of  atmospheric  storms, 
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When  a  larger  body  than  usual  of  light  air  fix>m  the 
south  begins  to  descend  upon  the  upper  sur&oe  of  the 
stream  from  the  north,  as  those  opposite  currents  in  the 
atmosphere  come  into  close  proximity,  their  negative  and 
positive  electricities  produce  oorruscation& 

The  rarity  of  the  atmosphere  and  the  great  elevation  pro- 
bably prevent  (at  leaat  for  the  most  part)  any  sound  or 
thunder  being  heard;  and  the  former  cause,  joined  with  the 
manner  in  which  the  currents  approach  each  other,  may 
probably  occasion  the  shooting,  flickering  movements  of  ihe 
aurora,  and  of  the  clouds  formerly  mentioned  as  being  seen 
by  day. 

The  arches  of  boreal  light  fr^uently  seen  stretching  from 
£.  to  W.,  may  be  produced  by  large  masses  of  air,  charged 
with  opposite  electricities,  meeting  each  other  and  feeding 
the  flame,  quietly  and  continuously,  on  an  extended  front ; 
while  the  movements  of  light  occasionally  occurring 
throughout  the  length  of  these  arches,  may  arise  from  the 
masses  of  vapour  coming  more  actively  into  contact  at 
particular  points,  and  lighting  up  a  corruscation,  which  like 
a  running  fire,  passes  along  the  whole  Una 

When  the  corruscations  are  more  than  usually  vivid,  or 
violent  in  their  motion,  it  would  indicate  a  larger  arrival 
than  usual  of  negatively  electric  air  fit)m  S.  or  S.W.,  which, 
in  a  shorter  or  longer  time,  according  to  its  strength,  first 
checks,  and  then  overpowers  the  N.  or  N.E.  wind  generally 
blowing  when  the  aurora  is  seen.  The  lower  temperature 
of  the  atmosphere,  cooled  down  by  the  recent  northerly 
wind,  condenses  the  moisture  borne  by  that  from  the  warm 

somewhere  in  one  hemisphere  or  other,  instantaneouslj  felt  through  the  air, 
howerer  remote — or  hy  conduction,  or  hy  ribration — as  an  earthquake  is  fldt 
on  board  ship  in  the  middle  of  a  deep  ocean,  eyen  the  South  Pacific" 

The  Rev.  P.  Secchi,  Director  of  the  Boman  Obserratory,  in  writing  of 
magnetic  currents  in  a  wire  in  the  magnetic  meridian,  states  that  disturbances 
in  it  indicate  the  approach  of  storms,  as  well  as  the  barometer. 
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aotttl^  and  pr^cipiti^  it  in  showei^;  or,  in  more  eoE^me 
ca3€i9,  in  atonns  of  raiu. 

Xf  {  ilo  not  mMaM>  ^u*  Jol^^  Boss  4e3p]4b^  the  ^^;ro;ca 
in  high  northern  latitudes,  in  winter,  as  being  fy^]i^, 
aUpqrt  Go^wtfO^t^  aa  ^eU  ^  venc^  near  the  £a^k 

TIm  caii8#  of  thia  s^e^  to  b^  th^  oi^^qsifig  cvure^^to  b^i^g 
tis^u  close  to  tt^  point  where  they  must  wc€»aarily  come 
into  qcmtact^^Mid  where  ev^  the  smallest  portion  re^naj^^qg 
of  the  opposite  el^Otripity  n^vjst  b^  discharged. 

^  John  aJsQ  speaks  of  the  T^ravi^  qiQtioq  being  aooom- 
pa^ed  by  9,  Yciy  perceptibly  audibly  ^und.  This  n^ay  be 
aided  by  the  knovA  property  of  highly  condensed  fii^  to 
t^w^qfnit  sq^ud  to  u^v^Hal  distances ;  ^^  I  h^ye  a  str«^^ 
impression  of  having  p^yself  hear^  ft  sound  simil^  to  that 
pr<Hiuced  hy  the  waving  of  ^^  dag,  when  the  Aurora  y^e^ 
ptaying  i^^ve^y. 

As  far  as  it  is  known,  the  id^tity  of  the  light  flickering 
donds,  ahovfi  dascrihed  as  seen  by  d^,  and  pf  the  fturora  as 
visible  at  night>  is  a  new  ohaervation;  and  the  following 
opinionfii,  expressed  by  men  qf  great  epiinence  in  meteoro- 
logical science^  while  in  no  inst^qe  identical  with  the 
theory  here  proposed,  may  it  appears,  be  not  unfairly 
adduced  in  its  support.  Beccaria,  in  the  last  century, 
peered  a  ^ggeatipi^  that  th^e  was  a  instant  cir^vda^on  of 
the  eleotric  fl^id  between  north  wd  south  >  bnt  he  gave  an 
explanation  diflferent  from  th?  foregoing  of  the  ii^Fin^r 
in  which  he  poneeived  it  might  t^e  place.  Herschel 
states  his  idea»  in  general  teima,  th^.t  the  nprthem  lights  c^re 
prodnced  by  the  eleatrio  fluid ;  and  44iwal  Fit^^'oy,  in  }^is 
report  referred  to  ahove,  "  On  the  Polar  and  Equatorial  Air 
Currents,"  has  th§  following  pius^fige  .^— "  We  ^d  here  that 
the  main  nnp^enta,  polar  and  eqv^tofiali  haye  very  different 
deetrical  characterintiGS — one,  the  polar,  being  ^ways  plus ; 
the  other,  always  minns ; — if  pure,  unmixed  with  ^e 
fiDliir.'' 
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There  is,  besides,  the  well-known  experiment  of  passing 
an  electric  spark,  in  vacao,  through  a  glass  tube,  when  it 
presents  the  appearance  of  the  aurora  borealis,  even  with 
its  play. 

I  would  only  further  advert  to  the  £eu^  mentioned  abov^ 
that  the  remarkable  aurora  in  November,  1848,  was  not 
followed  by  rain,  where  seen  in  England;  while  within 
two  days  after  its  occurrence,  there  was  a  perfect  deluge  of 
rain,  and  almost  a  hurricane,  in  Inverness-shire. 

If,  on  reaching  a  few  degrees  further  north,  the  column 
of  air  from  the  south  had  come  into  contact  with  that  from 
the  north  in  sufficient  force  to  drive  it  back  on  the  surfisu» 
of  the  earth;  in  other  words,  had  proceeded  so  much  farther 
downwards  on  its  course  to  its  ultimate  depression  near  the 
pole,  as  thereby  (in  consequence  of  its  necessary  contact 
with  the  colder  northern  atmosphere)  to  condense  and  dis- 
charge the  vapour  with  which  it  was  itself  loaded,  but 
which  it  was  too  high  up  to  get  rid  of,  when  seen  in  the 
centre  of  England ;  if  this  were  the  case  with  that  remark- 
able aurora  borealis,  may  it  not  likewise,  without  unfiumess 
be  deemed  a  corroboration  of  the  theory  suggested  ? 


"  On  the  Supposed  Influence  of  the  Moon  on  the  Tem- 
perature of  the  Atmosphere  near  the  SurjGM^  of  the  Earth," 
by  Joseph  Baxenbell,  F.RA.S. 

The  January  numberof  the  "Monthly  Notices"  of  the  Boyal 
Astronomical  Society  contains  a  paper  entitled  *'  Inductive 
Proof  of  the  Moon's  Insolation,"  by  Mr.  J.Park  Harrison,  M.A,, 
in  which  the  Author  points  out  that  when  the  mean  daily 
temperatures  at  Berlin  for  the  years  1820 — 1835 ;  at  Oxford 
for  1856—64 ;  and  at  Greenwich  for  1841—47  and  1866—64, 
are  arranged  in  tables  according  to  the  age  of  the  moon, 
they  show  that  a  maximum  mean  temperature  occurs  on  the 
average,  at  each  of  the  stations,  upon  the  6th  and  7th  day 
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of  the  lunation,  when  the  moon's  crust  turned  towards  the 
earth  is  coldest ;  and  a  minimurn  mean  temperature  some 
time  after  full  moon,  when  the  same  crust  has  been  exposed 
for  several  days  to  intense  radiation  from  the  sun.  It  does 
not  appear  that  any  other  period  than  that  of  the  moon's 
synodical  revolution  was  tried ;  nor  is  any  allusion  made  to 
the  temperature  period  which,  as  Nervander  and  Buys 
Ballot  showed  many  years  ago,  depends  apparentiy  upon 
the  sun's  geocentric  rotation  on  his  axis.  The  existence  of 
both  these  periods  has  however  been  questioned.  Thus 
Buys  Ballot  on  tabulating  a  series  of  70  years'  mean  daily 
temperatures  according  to  the  moon's  age  found  that  the 
highest  temperatures  occurred  during  the  seven  days  after 
full  moon,  or  precisely  during  that  part  of  the  lunar  period 
in  which,  according  to  Mr.  Harrison's  results,  the  tempera- 
ture is  at  a  minimum ;  and  the  Astronomer  Boyal  discussing 
the  observations  of  temperature  made  at  Oreenwich  from 
the  2nd  of  June,  1848,  to  the  end  of  1868,  with  reference  to 
the  period  of  the  sun's  geocentric  rotation  on  his  axis, 
obtained  a  series  of  numbers  "  which  did  not  appear  to  sup- 
port the  hypothesis  that  there  is  any  certain  inequality  of 
temperature  depending  on  the  meridian  of  the  sun  which  is 
turned  towards  the  earth."  In  an  inquiry  oi  this  nature  it 
is,  however,  manifestiy  very  undesirable  to  rely  upon  ob- 
servations taken  during  the  same  series  of  years  at  places 
so  near  each  other  as  Greenwich  and  Oxford,  or  upon  those 
taken  at  places  far  apart,  but  in  different  years.  The 
general  agreement  between  the  results  of  the  Berlin  ob- 
servations in  1820  to  1835,  and  those  at  Oxford  in  1856  to 
1864,  aj3  given  by  Mr.  Harrison  is,  of  itself,  no  proof  that 
the  temperature  of  the  earth's  atmosphere  is  sensibly 
affected  by  the  moon.  This  agreement  may,  and  indeed 
does,  arise  from  causes  altogether  independent  of  any  in- 
fluence of  the  moon.  In  a  paper  which  I  communicated  to 
this  Society  in  March,  1864,  "  On  Periodic  Changes  in  the 
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Mftgnetic  Oondition  o£  the  Eckrth,  and  in  tbe  Disttibntion 
of  Temperature  on  its  Surface.'*  *  I  showed  that  different 
years  have  temperature  periods  of  different  lengths  ranging 
from  about  23 J  to  31  days,  the  minimum  values  occurring 
in  years  of  minimum  solar  spot  frequency,  and  the  m«.Yimum 
ixL  yBars  when  the  sokr  spots  bt%  modi  num»fOu»;  the  ap- 
joromnate  mean  vslue  aft  derived  fit>m  obs^rvntioMB  made 
at  vArioud  stations  in  Europe,  Asia,  and  NortJi  Amoiea, 
during  the  years  183S  to  185&,  being  27"*  days;  and  it  wbm 
also  shown  that  although  in  any  particular  year  observations 
at  places  scattered  widely  over  the  three  Continents,  gave 
the  same  value  of  the  temperature  period  yet  the  ^)ochs  of 
maximum  and  minimum  often  differed  veiy  eonsiderably, 
idniB  indicating  that  the  vaoiation  was  not  due  to  any  direct 
action  of  the  sun,  the  eflfects  of  which  would  lave  occorred 
simultaneously  at  all  the  stations.  The  adoption  of  any  fixed 
value  of  a  temperature  period  t^hether  that  of  the  sun's 
geocentric  rotation  on  his  axis,  or  of  the  moon*s  synodical 
revolution  round  the  earth,  or  any  assumed  period,  did  not 
aatisiSftctorily  repres^it  observations  made  in  different  years, 
and  gave  much  greats  probable  errors  than  a  variaUe  tan- 
perature  period  whose  changing  values  foUowed  the  course 
of  the  curve  of  sun  spot  fi^uency;  and  thus  while  the 
results  given  by  the  Astronomer  Royal  in  the  "Astrono- 
mische  Nachrichten,"  No.  934,  do  not  support  the  hypothesis 
of  a  temperature  period  depending  on  the  sun's  rotation  on 
his  axis^  they  will,  nevertheleee>  on  carefrd  examination  be 
found  to  indicate  dianges  of  temperature  ooeurring  in  a 
period  which  was  gradually  HiiiiiTiiHliing  ftom  the  com- 

•  £roo6Myngs,  YoL  IU.»  p.  261^-460. 


nketicem^nt  at  the  setiai  of  obttertstibtid  in  1818  to  its 
iermintttion  in  1853;  On  tiie  other  hasid  Mt*.  Hasirteon's 
results  appear  to  support  veiy  stotmgly  tbe  hjrpottie^  of  it 
luna^  period;  but  it  is  msy  to  show  tibat  they  fomt  no 
exception  to  the  same  general  lair.  For  this  purpose  I  have 
made  use  of  the  Si  Petersburg  observations  for  1806^-^4. 
brtng  the  years  obmprised  in  Mki  HArrison'ii  Oxford  series; 
Mid  as  the  diagrams  whieh  aeoompany  Mr.  HarrisonTs  paper 
show  a  masjmnm  of  mean  daily  temperature  on  the  ^tfa 
day  after  new  moon,  and  a  ihiniminii  on  the  0&  day  after 
fall  nioon,  I  havts  arranged  tiie  St  Petetisrfoui^  mean  daDy 
ten^matureB  for  the  Ave  days  from  ih&Sik  to  the  9Ch  day 
afikBr  new  moon,  and  the  five  days  horn  the  Sri  to  the 
7ih  after  full  mdon  in  two  tables.  There  were  111  luna- 
tions during  tile  nine  years>  and  the  mean  tempamtureis  of 
the  sel0et«d  days  were  fotmd  to  be  as  fidl^ws  :-- 

Daji  aiiar  New  ICoon.  Mean  Tem.      Dsye  after  Fidl  Bfoon.  Mean  Tern. 


Cfth  „  38-30  4th 

rth  „  88-6T  5th 

8ih  „  381©  Ml 

dth  „  37-65  7th 


The  ten4>eiature8  of  the  days  ia  the  group  after 
moon,  are  all  below  the  lowest  in  the  groiq>  after  full  moo&; 
and  the  mean  of  the  first  group  is  l-ll""  below  that  of  tit^ 
second ;  but  at  Oxford,  during  the  same  series  of  ye^a$,  the 
highest  temperatures  occurred  on  the  6aj^  eomprised  in  the 
first  group,  and  the  lowest  on  those  in  the  seeond^  It  i» 
evident,  therefore,  that  Mr.  Harrison's  results  cannot  be 


„  38-30 

.     88-6T 

»  

.    38-10 

.     37-65 

Heon.... 

...  38-20 

„  3A-7?i 

»  

.     88-12 

.     39-96 

tCean.... 

...  39-31 
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regarded  as  a  proof  of  the  moon's  insolation ;  or  that  it  has 
any  sensible  effect  upon  the  temperature  of  the  atmosphere 
near  the  surface  of  the  eartL 

I  may  here  remark  that  the  results  given  by  Mr.  Glaisher, 
F.RS.,  in  his  paper  "On  the  Influence  of  the  Moon  on  the 
Direction  of  the  Wind  "  (Proc.  Met.  Soa,  March,  1867),  are 
also  dependent  upon  the  general  law  above  referred  to, 
and  cannot  fairly  be  regarded  as  proving  that  the  moon  has 
really  any  influence  upon  the  direction  of  the  wind,  since  in 
most  years,  other  periods  than  that  of  the  moon's  synodical 
revolution  give  greater  differences  in  the  distribution  of  the 
winds  than  can  be  obtained  by  employing  the  lunar  period. 

"  On  the  Rainfall  at  Old  Trafford,  Manchester,  during  the 
year  1867,"  by  G.  V.  Vebnon,  F.RA.S.,  F.M.S. 

The  rainfall  for  1867  was  0858  inches  below  the  average 
of  the  last  74  years,  and  8*590  below  the  fiJl  for  1866.  The 
fall  occurred  on  188  days  in  1867,  as  against  214  days  in 
1866. 

During  the  first  three  months  of  the  year  the  fall  some- 
what exceeded  the  average.  In  the  second  three  months 
the  fall  was  above  the  average,  but  this  was  caused  by  a 
very  wet  April,  the  fall  in  this  month  being  more  than 
double  the  average,  whilst  in  the  other  two  months  the  fidl 
was  below  the  average,  especially  in  Juna  In  the  three 
months  ending  September,  the  fall  was  considerably  below 
the  average.  July  was  wet,  but  August  and  September 
were  below  the  average,  August  not  having  one-half  the 
usual  &1I 

In  the  last  three  months  of  the  year,  the  fall  was  slightly 
below  the  average;  October  exceeded  the  average  slightly, 
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November  was  considerably  below  the  average,  and  not  half 
the  amount  that  fell  in  November,  1866,  whilst  December 
exceeded  the  average.  The  daily  falls  exceeding  half  an 
inch  were : — 

1807.  Indies. 

January  7 0*500 

April  20 0-630 

July  15 0-770 

July  16 1110 

September  1 0-620 

October  7  0-520 

October27    0-750 

November  14    0-510 

November  30    1-500 

December  1  0-500 

December  15 0-800 

December  20 0-540 

In  1867  we  had  only  two  days  upon  which  the  daily 
amount  exceeded  an  inch,  whUst  in  1866  the  daily  fall 
exceeded  an  inch  upon  five  days,  and  upon  one  day,  viz. : — 
28th  July,  1866,  it  was  1-985  in. 

It  would  seem  that  in  our  district  we  can  safely  reckon 
upon  having  rain  on  an  average  of  about  180  days  in  the 
year,  or  that  rain  falls  on  about  half  the  days  of  the  year. 
Of  course  this  includes  every  day  upon  which  a  measurable 
amount  of  rain  faUs,  and  it  is  only  right  that  every  day  on 
which  rain  falls,  and  can  be  measured,  ought  to  be  included, 
notwithstanding  Mr.  Symons'  limiting  the  amount  to  days 
only  on  which  the  fall  reaches  0-010  inch.  In  1867,  there 
were  no  less  than  16  days  on  which  rain  fell  less  than 0010 
inch  in  amount,  and  to  leave  these  out  must  vitiate  the 
result    Moreover,  in  places  where  the  rainfidl  is  much  less 


tiuia  bei6,  thara  will  inroWbdy  he  n  ^andi  graatar  aiuaberof 
days  upon  wbi«h  a  daily  amount  of  0*010  isjch  fSdla.  ^veiy 
day  upon  which  a  meafiiurable  amount  of  lain  fiils  Q^^i  to 
be  given ;  and  if  for  any  other  purpose  a  limit  in  imo^iit  is 
wanted,  it  ought  to  be  tabulated  separately. 


Old  Trafford,  Manchestbb. 

Bam  QwoLffb  t  &ei  abav»  the  giound,  and  106  fiset  abave  naaa  sea  lerd. 
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Ordinal  tfMii^,  Mardi  ITtb,  1868, 

fi.  W.  :feurjrtrr,P.!RS.,  P:O.S./^xMb'itedto'*flieW6ftib6rtj'^ 
original  letter  of  the  late  Sir  Walter  Scott,  Mil*^  ^kh> 
years  ago  to  a  gentlemaSi  'residing  in  tiie  i^orth  &3in^  'of 
Yorkshire,  on  the  subject  of  an  did  bWlad  entitled  '''^O&c 
o'MiW:— 

Sir, 

You  have  doubtless  by  this  time  set  me  down  as  guilty 
of  great  ingratitude  and  unworthy  of  your  farther  corre- 
spondence for  so  long  and  unjustifiable  a  delay  in  answering 
your  letter  enclosing  Jock  o'  Milk.  The  truth  is  I  have  been 
absent  from  Edinburgli  for  some  weeks,  and  since  my  retmn 
my  professional  engagements  have  obliged  me  to  leave  the 
tales  of  the  East,  West,  and  Middle  Marches  as  quiet  in  my 
desk  as  the  bodies  of  their  quondam  heroes  rest  in  their 
graves.  At  length  I  have  an  opportunity  to  acknowledge 
your  obliging  favour.  My  Incredulity  with  regard  to  the 
Ballad  you  have  been  so  good  as  to  send  me  is  not  yet 
entirely  obviated.  IS  it  is  not  entirely  and  radically  a 
modem  fabrication,  the  ancient  verses  are  what  the  £iren<ih 
call  beaucoup  brode^a,  "  Virtue  is  its  own  reward,"  trite  as 
the  sentiment  is,  can  hardly  be  supposed  quite  so  oli  as  tte 
reign  of  Dav*  ll.  The  Title  of  Duke  was  first  introduced 
into  Scotland  in  the  Reign  of  Rob^  3*^,  and  was  only  con- 
ferred upon  immediate  relations  of  the  Royal  family  tili  at 
a  very  late  period  the  Hamilton  family  got  that  title. 
PBOomDnfOfl— Lit.  &  Phu.,  Society— Vol.  VII.— No,  11.— Simiok,  1867-8. 
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There  never  waa,  as  £Bur  as  I  can  learn,  a  peer,  wheUier  Duke, 
Earl,  or  Baron,  of  the  name  of  Irving,  and  although  there 
were  many  landholders  of  the  name  in  the  south-west  of 
Scotland,  the  principal  seat  of  their  Chieftain  was  Dru/m,  in 
Aberdeenshire.  So  £Bur  with  r^ard  to  historical  fSeust — ^but  a 
ballad  maker  is  entitled  to  use  great  latitudes  in  that  respect, 
and  accordingly  it  is  not  upon  the  anachronisms  that  I 
chiefly  found  my  disbelief  in  the  antiquity  of  the  Poem. 
It  is  rather  upon  the  mixture  of  ancient  and  modem 
phraseology,  and  especially  upon  the  different  attempts  at 
sentiment  and  pathos,  inconsistent  with  the  simplidty  of 
the  Minstrel  style,  that  I  ground  my  opinion,  which  will 
always,  however,  be  subject  to  alteration  upon  reasonable 
and  convincing  evidence.  The  copy  you  have  been  so  good 
as  to  send  me  is  nearly  the  same  with  one  which  I  found  in 
Glenriddell's  MS.  collection  of  ballads,  and  with  another 
procured  from  Mr.  David  Herd,  of  this  place.  The  last  copy 
has  this  memorandum — ^"This  fragment  was  taken  down 
fix>m  the  recitation  of  some  of  the  country  people  in  Annan- 
dale,  by  WiUiam  BeU,  a  writer  there,  who  communicated  it 
to  D.  H.,  but  in  a  very  bad  case,  about  the  year  1776,  and  he 
was  afterwards  informed  that  Dr.  Clapperton,  a  surgeon,  in 
Lochmaben,  was  in  possession  of  a  compleat  copy  of  the 
Ballad,  which  never  coidd  be  got,  the  Dr.  intending,  as  was 
said,  its  publication  along  with  several  other  curious  ancient 
songs.''  As  this  account  in  a  great  measure  tallies  with  that 
with  which  you  have  favoured  me,  I  hope  it  may  be  yet 
possible  to  recover  some  accoxmt  of  the  original  copy  of  this 
curious  BaUad,  by  which  means  we  may  perhaps  be  able  to 
determine  what  parts  are  modem  and  what  really  ancient. 
I  shall  wait  with  impatience  the  result  of  your  inquiries  at 
your  friend  Mr.  ladderdala  The  battle  in  question,  if  such 
there  was,  must  have  been  fought  in  the  course  of  the  four 
years  intervening  betwixt  1342,  the  date  of  David's  return 
from  France,  and  1346,  when  the  fatal  battle  of  Durham  was 
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fought,  in  which  Randolph  R  of  Murray  was  slain,  and  the 
King  himself  led  into  captivity. — Believe  me,  Sir,  with 
many  thanks  for  your  obliging  communication,  your  faithful 
humble  servt., 
Edin.,  4  June,  1802.  Waltkb  Scott. 

''Note  on  'An  Essay  on  the  Resolution  of.  Algebraic 
Equations,  by  the  late  Judge  Hargreave,  LL.D.,  F.R.S.,"*  by 
the  Rev.  Thos.  P.  Kirkman,  M.A,  F.RS. 

The  following  appears  to  me  to  be  a  demonstration,  that 
Dr.  Hargreave's  very  skilful  attempt  to  solve  the  quintic  is, 
like  all  that  have  preceded  it,  a  failure : 

One  of  the  final  equations  at  p.  94 


y,*+y/=A,(^^,)+A,(%-^)+A»(%-6|)+A,(04-6i)+A,(»,-6i) 

If  so,  it  is  possible  to  find  ai-(-ai=Ai,  Oi+OfnAiy  ^.,  sach  that 

y,*+y,*=((2(rt)0*+((Sa<)^)=(P*)*+((y)*,  where 

P'=yiand  Q*=yr 

As  yi+y,=:2(51),  p.  85,  is  a  rational  and  symmetrioal  function  of 

the  2*8,  P+Q"  is  one  also ;  and  this  is  plainly  impossible,  unless 

P+Q=2A^  is  a  symmetrical  function  of  the  z's,    That  is 

yi*+y  *=S(A^)=ASte:A2(25— *i)=0;  and  yi=  — y, ; 

ory,+y,=2(61)=0, 

This  destroys  the  form  of  the  conditioned  quintic  in  z,  at  p  82  ; 

for  (51)=0  gives,  as  (21)  and  (31)  are  each  =0,  (p.  78),  (p.  7), 

(51)=4^ — 56i&4+&6=0  ;  or  64  is  expressible  in  6,  and  64. 

I  suspect  that  it  follows  in  a  similar  way  from  the  equation  in 
p.  54,  that  (41)=0,  in  the  quartic  in  z  in  p.  53. 

It  is  evident  from  consideration  of  the  known  solutions  of  the 
qoartic,  the  cubic,  and  the  quadratic,  that  every  solution  of  the 
general  quintic  F=0,  whose  roots  are  x^XiX^x^x^,  must  be  a 
transformation,  by  algebraic  artifice,  of  the  expression 

5av=2«+4«Jb+(a+a»+a«+a*)(a?i+«,+ai+»4) ; 
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where  a  is  an  imaginary  fifth  root  of  unity ;  and  any  tranafonna^ 
tion,  by  which  the  right  side  of  this  eipmssion  can  be  made  to 
contain  only  symmetrioal  functions  of  oto  «i  d^  «^  X4,  will  be,  by 
proper  reading  of  roots,  a  correct  solution  of  F=0,  as  xb  ia  any  one 
of  the  five.     Let  xis  try  to  effect  this.     We  can  write 

a!^=^2i»+J(«o+Oi^i+a,«2+a,a^+a«a?4)*J 

=-Js.+.J(s+H.)*+l(s+H.)* 

+  1(S+H,)*+-J(S+H.)*; 

where  S  is  a  symmetric  function  of  the  roots  of  F=0,  and  Hi  H, 
Hs  H4  are  four  values  of  a  24-yalued  fimction  of  these  roots. 
H,  is  formed  from  H^  by  the  substitution  S^f^lf },  effected  on  the 
subindices  of  the  or's,  leaving  undisturbed  the  a  a\  &c ;  fl,  from 
Hi  by  the  substitution  *ff if,  and  H4  from  Hj  by  HiH-  Hi  i» 
unaltered  by  the  cyclical  permutati<»  of  0:^^  Xi  x^  x^  x^. 

Another  set  of  four  values,  H,  H^  H7  Hg,  can  be  formed  by 
operating  on  Hi  H,  H3  H4  by  the  substitution  HHh  01*1  which 
is  the  same  thing,  by  operating  on  Hi  only,  by  the  four  subsUtutions 
01342,  03421,  04213,  02134,  omitting  the  suffixed  01234.  And 
if  we  write  in  tlie  above  expression  for  x^,  H^  He  H;  Hg  in  tbe 
places  of  Hi  H^  H,  H4,  we  shall  have  still  a  oorrect  expressiou  of 
the  value  of  x^  Is  not  this  a  sufficient  and  a  new  demonstration 
of  the  absurdity  of  supposing  a  solution  of  the  quintic ) 

Four  move  sets  each  of  four  values  of  Hi  can  be  made  by  operating 
on  HiH,H3H4,  by  the  four  substitutions,  01423,  01243,  01432, 
01324 ;  and  the  sum  of  the  24  values  of  H„  thus  obtained  in  sets 
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of  four,  will  be  that  of  all  the  valuas  that  H,  oan  haTO  by  permu- 
tation of  the  x%  leaying  untouohed  the  ac^^  &o.  We  thus  obtain 
six  distinct  expressions  for  Aq,  of  which  no  two  contain  a  common 
value  of  the  24-Talued  Hj.  All  this  is  true  if  aPo=^'o>  «i=^i> 
xf=^  &o.,  Hi  being  a  function  of  the  i^fSy  and  S  also. 

It  is  plain  that  we  can  form  the  equation 

y*+ay*+fty"+  Ac.  =0=U, 
whose  roots  are  these  24  values  of  Hi,  and  that  a,  6,  <feo.,  in  this 
equation  will  be  rational  fVinctions  of  the  coefficients  of  F=rO.  If 
we  knew  how  to  solve  this  equation,  UsO,  we  should  have  the 
ocNrrect  sedation  of  the  quintio  F=:0,  by  writing,  instead  of 
HiHjHsH^,  the  algebraic  root  of  U=:0,  under  each  of  the  four 
quintio  radical  signa  The  ambiguity  arising  &om  the  different 
roots  of  unity  read  with  all  the  radieab  would  of  coune  remain,  as 
in  the  lower  equations. 

I  see  but  two  conceivable  chances  of  success,  either  that  17=0 
should  break  up  readily  into  six  biquadratics,  or  that  it  should  be 
somehow  reducible  to  the  form 

or  to  some  other  biquadratic  in  z,  z  being  a  cubic  in  ^. 

Such  reduction  would  be  possible  if  we  had  a  sufficient  number 
of  constants  at  our  disposal  in  Xq  jt,  x^  x^  x^.  Let  us  then  suppose 
that,  instead  of  the  general  quintic  F=0,  we  have  a  quintic  P=0 
to  solve,  whose  roots  are  ^o,  ^,  (fa^  <^y  ^4,  x^  Xi  <fec.  being  the 
roots  of  F=0,  and 

hk  I  mn  being  undetermined  quantities,  surd  or  rational  We 
can  write 

«*b=-52i^+5{s+H.)^+i(s+H,)'+l(s+H.)*+l(s+H,y 

where  S  is  a  aymmetrical,  and  Hi  H,  H,  H4  are  values  of  a 
24-valued,  function  of  the  0a;'&  We  can  form,  as  before,  the  equa- 
tion 11=0,  whose  roots  are  the  24  values  of  this  H,  and  in  all  whose 
coefficients  the  oonstanta  hklmn  9Lte  at  our  dieposal  If  by 
■olutionB  of  equatioms  among  these  quantities^  of  degrees  below 
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the  fiflli,  we  can  reduce  U  to  the  form  U^  we  have  ^  by  putting 
for  Hi  H,  Hs  H4  the  giyen  algebraic  ezpreasionB 

Yi,  Ac.,  being  the  four  roots  of  IP=0.  The  roots  of  F=0  would 
be  then  giyen  by  five  biquadratics,  hkl  mn  being  now  determined 
functions  of  the  coefficients  of  F=:0  through  those  of  F=0, 

ftb=Co,  f«i=Ci,  «av=C„  ^3=C„  fr4=C4; 
and  Dr.  Haigreave's  device  would  bear  the  coveted  fruit 

Without  expressing  any  opinion  about  the  possibility  of  this 
transformation,  I  can  shew  that  the  equation  n=0  is  fiirther  con- 
ditioned beyond  what  has  been  seen  concerning  the  arrangement 
of  its  roots  in  sets  of  four.  We  formed  at  first  Hi  H,  H,  £[«  on  the 
first  of  the  following  groups : — 

1234  1234  1234  1234 

2341  3142  4312  3412 

3412  4321  2143  4321 

4123  2413  3421  2143 

If  we  had  used  the  second  instead  of  the  first  group,  we  should 

have  formed  Hi  HJ  Hi  H},  of  which  Hi  only  is  in  the  former  set 

of  four:  if  we  had  used  the  third,   we  should  have    formed 

H,  HI*  H}*  HJ*,  all  fresh  values,  except  Hi :  if  we  had  employed 

the  fourth,  we  should  have  formed  Hi  H|  Hi  Bl\  all  before  written. 

Thus  we  see  that  n=0  is  something  very  different  from  the  general 

equation  of  its  d^;ree.     It  may  possibly  break  up  into  quadratics, 

by  introducing  surds  into  the  coefficienta 

Whichever  group  we  employ,  its  five  derivates  give  us  five  more 
expressions  of  x^ ;  that  is,  there  are  24  ways  of  expressing  a^, 
exhibiting 24  different  quadruplets  from  the  24  values  of  Hi. 

I  fear  much  that  all  this  is  rather  a  proof  of  the  absurdity  of 
attempting,  than  a  contribution  towards  effecting,  the  algel»tuc 
resolution  of  the  quintic.  But  it  may  be  worth  the  while  of  some 
one,  endued  with  more  &ith,  to  form  and  to  study  this  n=:0  of 
the  24th  degree.  He  would  deserve  well  of  science  who  could 
shew  us  how  to  form  it  by  a  compendious  method. 
When  there  are  only  four  roots,  x^XiX^x^^  we  obtain,  if  we 
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choose  needlesdy  to  introduce  three  biquadratic  instead  of  the 
usual  three  quadratic  radicals  free  from  s/^,  after  2^?, 

4av=S»+(s+H,)*+(s+H.)*+(s+H,)^ 
where  S=Sa^+24av«i«i«« — 6S«*i*,  and 

=A+4ifc, 
h  being  a  three-valued^  and  k  a  six-valued  fdnction,  whose  square 
^  is  three-valued.  We  can  form  with  the  coefficients  of  F=0  the 
two  cubics  whose  roots  are  the  values  of  h  and  the  values  of  ik*.  If 
their  algebraic  roots  be  Ti  T,  Y„  and  Zi  Z,  Z,,  we  have,  for  the 
root  of  the  biquadratic 

To  transform  into  this  shape  the  ordinary  solution  does  not 
seem  easy. 

It  is  obvious  that  x^  can  be  represented  in  like  manner  in  terms 
cfx^TCiX^"  x^i  by  an  expression  which  is  true  when  for  Xq  is  put 
any  one  of  the  n — 1  others.  Nothing  more  is  required  for  the 
algebraic  solution  of  the  general  equation  of  the  nth  degree,  than 
to  break  up  the  given  equation  U=0  of  the  degree  (n — 1)  •  (n — 2) 
"21  into  factors  of  the  n — 1th  degree.  But  the  inexorable 
theoiy  of  groups  forbids  me  to  hope  for  this  reduction  of  U=0, 
when  n,  the  number  of  roots,  exceeds  four. 

Has  it  been  before  pointed  out,  that  the  problem  of  algebraic 
resolution  of  equations  is  merely  that  of  elimination  of  imaginaries 
by  involution  into  symmetrical  functions  uuder  radical  signs? 

"  On  the  Origin  of  Colour  and  the  Theory  of  Light,"  Part 
IL,  by  J.  Smith,  M.A.,  Perth  Academy. 

On  a  former  occasion  the  Author  proved  experimentally 
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tiiai  cokMur  aaxt  ibe  )pix>duoed  by  ihe-mdre  mdtion  ef  a  wblte 
ray  without  ihe  aid  of  ifefiaetion ;  liis  ekjeot  no^  -was  to 
explain  those  physical  laws  by  which  oelour  k  produced 
from  a  homogeneous  substance. 

He  argued  that  as  we  hear  through  the  medium  of  the 
air — a  homogeneous  sobstctnce— and  the  variety  6f  sounds 
is  equal  to  the  variety  of  colours,  we  nu^r  have  as  great  a 
variety  of  colour  from  the  ether  considered  as  homogeneous 
as  of  sounds  from  the  air  so  considered. 

The  difficulty  was  to  prove  by  what  process  nature  modi- 
fies so  wonderfully  the  motion  of  a  homogeneous  substance. 
Many  years  ago  he  found  that  by  (presakig  a  {Hiooe  of  glass 
with  a  point  he  obtaine4  coloura  If  the  glass  pressed  wcnre 
laid  on  an  irregular  mirfltee,  as -a  piece  ef  ivory  or  steel,  the 
colours  were  in  irregular  patches ;  but  if  the  glass  were  laid 
on  another  piece  of  glass,  the  circles  were  complete. 

This  proved  that  Newton's  rings,  as  they  are  called,  were 
produced  by  undulations  or  waves  in  the  glass,  that  these 
waves  are  virtually  small  prisms,  and  that  they  are  stationaiy 
as  long  as  the  pressure  is  stationary. 

By  and  by  he  found  that  similar  waves  or  bands  erfitlnted 
themselves  in  a  film  of  soap  when  made  to  cover  the  mouth 
of  a  tumbler,  and  that  they  were  particularly  interesting 
and  instructive  when  the  tumble  was  held  at  an  angle  to 
the  horizon.  He  also  found  that  by  blowing  through  a 
tube  on  a  plate  of  glass,  a  converse  series  of  rings  was 
obtained  And  as  a  proof  that  these  rings  were  formed  of 
waves,  we  had  merely  to  examine  their  motions — the  motion 
of  the  one  series  was  the  converse  of  the  other. 

Again,  he  took  a  thin  disc  of  glass  and  laid  it  on  another 
piece  of  glass  of  any  thickness,  and  subjecting  it  to  pressure 


139 

and  then  cementing  the  pieces  together  at  the  edges,  the 
rings  were  made  permanent 

He  also  showed  how  the  parallel  bands  of  colour  could  be 
imitated  by  prismatic  refraction  of  white  bands  of  the  same 
ratio  as  to  breadtL 

The  author  then  applied  these  laws  to  explaining  the 
phenomena  of  the  prism. 

He  argued  that  all  matter  was  put  in  motion  by  light, 
just  as  we  are  sensible  that  every  atom  of  a  body  is  moved 
by  heat  He  showed,  not  only  by  diagrams  but  mechani- 
cally, the  physical  laws  by  which  light  was  refracted  and 
reflected,  and  expounded,  as  he  considered,  the  true  theory 
of  prismatic  refraction. 

As  —  how  a  ray  of  light  was  always  refracted  towards 
the  base  of  a  prism,  and  how  it  could  not  be  physically 
otherwise.  Then  fix)m  these  laws  he  concluded  —  Given 
the  molecular  vibration  of  matter,  given  the  dispersion  of 
light 

He  consequently  arrived  at  the  conclusion  that  light  no 
more  passed  through  glass  than  does  sound.  If  we  could 
withdraw  the  ether  from  a  glass  globe,  we  could  no  more 
see  through  the  glass  than  we  could  hear  through  it  if  the 
air  were  removed. 

As  to  the  ether  being  heterogeneous,  we  do  not  say  the 
atmosphere  is  heterogeneous  because  one  sound  differs  from 
another. 

Why  should  light,  then,  differ  from  sound  ?  Why  com- 
pound, when  the  same  uncompounded  air  can  convey  as 
great  a  variety  of  notes  as  there  are  shades  or  varieties  of 
colours  ?    A  prism  no  more  analyses  light  or  the  etlier  in 
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motion,  than  an  iSolian  harp  analyses  sound,  or  the  air  in 
motion,  for  light  and  sound  are  both  merely  modes  of  motion 
of  two  different  elementa 

As  a  magnet  conveys  motions  of  one  kind,  so  glass  con- 
veys motions  of  another,  the  one  not  more  wonderful  than 
the  other. 

We  surely  consider  the  molecules  of  the  magnet  to  vibrate. 
Why  not  the  molecules  of  glass,  and  consequently  of  all 
matter  refracting  light  ? 

A  telescope  is  but  another  kind  of  telegraph,  only  much 
more  comprehensive  in  its  range. 
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Ordinary  Meeting,  March  31st,  1868. 

Edward  Schunck,  PLD.,  F.RS.,  &a,  President,  in  the 

Chair. 

"  On  the  Solution  of  Algebraic  Equations,"  by  the  Rev. 
Thos.  p.  Kibkman,  M.A.,  F.RS. 

I  showed  in  the  preceding  number  of  these  Proceedings  that 
if  Xq  Xi  »i  x^  Xi  2jce  the  roots  of  the  quintic  F=0,  we  can  write, 

=lx.+l(s+H.)*+J(s+H,)*+-J(s+H.y+l(s+H,y, 

where  S  is  a  sjnunetrical  function  of  the  roots,  and  Hi  Hj  H,  H4  are 
four  values  of  a  24-yalued  function  of  those  roots.  I  can  now 
show  how  to  form  these  four  values  with  the  coefficients  of  F=:0 ; 
i.e.  how  to  solve  the  famous  quintic  by  a  method  which  leads 
directly  to  the  solution  of  all  algebraic  equations.  We  write  the 
complete  group  of  24  substitutions  among  four  elements  thus  : 

1234        1342        1423        1243        1324        1432 

2143         3124        4123         2134        3142        4123 

3412        4213        2314        4312        2413        3214 

4321        2431         3241         3421         4231        2341 

A  B  C  D  E  F 

The  12  substitutions  over  A  B  C  are  all  what  we  call  positive, 

that  is,  they  are  made  by  an  even  number  of  transpositions;  the 

12  over  D  £  F  are  all  negative^  that  is,  made  by  an  odd  number  of 

transpositions.     Thus  1243  is  made  by  the  transposition  of  4  and 

3;  2341  by  the  three  transpositions  21,  31,  41.     The  systems 

(A+B+C)  and  (D+E+F)  are  changed  one  into  the  other  by  any 

odd  number,  and  remain  both  unchanged  by  any  even  number, 

of  transpositions. 

The  entire  number  of  substitutions  possible  with  r  elements 
can  be  written  down  in  like  manner  in  a  sum  of  two  systems, 
FBoonpQrcHi'IiiT.  &  Phil.  Soohty— Yoii.  yn.— No.  lZ.-~Bmmiov,  1867-a 
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which  both  remain  invariable  by  any  even  number,  and  are 
changed  the  one  into  the  other  by  any  odd  number,  of  trans- 
positions. 

Hi  in  the  above  expression  for  Xq  is  invariable  by  the  cyclical 
permutation  of  Atq  x^  x^x^x^,  and  therefore  receives  all  its  po^ble 
values  by  permutations  of  x^  x^x^x^.  H,  is  formed  by  effecting 
on  Hi  the  sUbAtittttion  2143,  Hj  by  3412,  and  H^  by  4»21,  per- 
formed on  the  subindices  of  o^i  ^  ii^  x^  in  Hi. 

Our  object  is  to  construct  the  values  of  Hi  Hj'H,  H4  in  terms 
of  the  ooeffieients  of  Fz::Oi 

The  functions  H{  H^  HJ  HJ  caa  dl  be  i^rmed  for  any  iotoger 
index  «^    IM 

B{  +  HJ  +  HJ+HJ±==(A), 
Hi  +  JIi  +  H}  +  Hi=(B), 


H{,  +  HJ,+  HJs+H{,t=(F), 

wh^Tfe  fee  *teur  ftmdtions  (B),  are  formed  by  eflfecthig  on  H{  *thi9 
four  substitutions  written  over  B,  &c.;  or,  which  is  the  same 
thing,  Ijy  raising  to  the  tA  power  H5  Hg  H7  and  H«,  made  ftom 
H,  by  th^  four  siflbetitutions  over  B,  to. 
It  is^lin  that 

(AX+(B),+(C),+(DX+(E),+(F),     r^M, 
and 

^(AX+(B),+(C),)((D).+(E),+(F),)=N, 

are  both  given  symmetrical  functions  of  the  roots,  and  rational  in 
the  coefficients  of  the  quintic  F=:0;  for  the  former  is  the  sum  of 
all  the  24  values  of  H{ ,  and  the  latter  is  the  product  of  two  fac- 
tors, either  of  which  becomes  the  other  by  any  odd  number  of 
transpositions  of  Xi  x^x^x^,  and  neither  of  which  is  changed  by 
any  even  number  of  such  transpositions. 

Hence  (A)i+(B)<-f  (C),  is  the  root  of  a  given  quadratic,  whose 
coefficients  are  rational  functions  of  those  of  the  given  quintic 
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Nexi,  ttw  {uMtioM 
{(A).(B),+(AMC)<+(B),(C),}+{(D)KE)<+(D)i(F),+(EMI>}=P„ 

{(A),(B),+(A).(C)<+(B).(C),}{(D)<(E).+(D)<(F),+(E),(F)<}    =Q* 

are  mfciooftl  fuDotiom  of  the  coefficients  of  the  quintio  F=0 ;  Ibr 
the  former  is  the  sum,  and  the  latter  is  the  product,  of  two  Idiie- 
tions  oixiXtXt^Aj  o^  which  either  is  changed  into  the  other  bj  ai^ 
odd  number  of  transpositions  of  those  variables,  while  neither  as 
changed  by  any  even  number  of  such  transpoeibionfl. 
WhcveSm 

(A).(BX+(AMC),+(B),(C), 

is  the  root  of  a  given  quadratic,  whose  coefficients  are  rational 

functions  of  those  of  the  given  qulntic. 

Finally, 

(A),(BX(C),+(D).(E),(F),       =R,  and 

|(A).(B),(C.)}{(I>MEMF),}=S, 

are  both  rational  functions  of  the  coefficients  of  the  quintio  F=0, 
for  the  reasons  abeve  given,  and  (A)i(B),(C)i  is  again  the  root  of  a 
given  quadratic. 

Hence  we  can  form  the  cubic  whose  roots  are  (A),,  (B)„  and  (C)„ 
whatever  be  t ;  for  its  coefficients  are  given  irrational  functions  of 
the  coefficients  of  F=0  with  ambiguous  radicals. 

Forming,  then,  and  solving  these  cubics,  for  t=l,  i=2,  »=3, 
1=4,  we  obtain  (A),=V,|  V,  being  a  givea  inational  function  of 
the  coefficients  with  ambiguous  radicals.     That  is,  we  have 
H,+H,+H3+H,=V„ 
H]+HJ+H|+HJ=V,, 

h;+h;+hj+hj=V3, 

H{+H*+HJ+H}=V„ 

By  the  aid  of  these  equations  we  can  form  the  quartlc  whose 
roots  are  H,,  Hj,  H3,  and  H^,  by  a  well-known  method ;  and,  as 
we  can  also  solve  this  quartic,  we  can  write  its  four  roots  (Hx), 
(H,),  (H3),  (H4),  all  given  irrational  ftmctions  of  the  co-efficients  of 
T=0,  in  the  above  expression  for  x^^  in  the  places  of  Hj,  H„  Hs, 
and  H4 ;  and  thus  we  have  the  long-sought  algebraic  root  df  the 
given  quintio  F=0, 
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We  oannot  always  fonn  a  pontiye  and  traaatiTe  groap  of  n — 1, 
corresponding  to  our  group  over  A  ;  but  the  preceding  reasoning 
applies  with  little  change  to  the  solution  of  the  general  equa- 
tion of  the  nth  degree.  When  n  is  a  power  of  a  prime  number, 
the  process  will  be  somewhat  abridged.  Nothing  prcTents  us  from 
breaking  up  the  function  Hj  above  handled  into  a  number  of 
separate  functions,  which  will  each  contribute  a  quartic  root  to  the 
solution,  and  thus  most  probably  simplify  the  computation. 

To  solve  the  general  sextic  we  proceed  thus :— Let 
XoX^x^x^XtX^  be  the  roots  of  the  sextic,  G=0.     We  can  write 

+g({«»-«5+a(a%-^)+a»(«,-«.)}«y 
+g({«i)---«i+a(«i--«,)+a«(a?|--a^)}M 

4^+>(s+H,)'+J(s+H.)'+>(s+H.)' 

+i(s+H.y+(s+H.y, 

where  a  is  an  imaginary  cube  root  of  unity,  and  S  is  symmetrical 
in  the  roots  and  rational  in  the  coefficients  of  6=0,  and  where 
H|  H,  Hs  H4  H|  are  five  values  of  a  120-valued  function  of 
those  roots.  Our  object  is  to  transform  Hi,  &c.,  into  irrational 
functions  of  the  coefficients  of  G=0. 

Since  Hj  H,,  dra.,  a/tor  involution,  are  invariable  by  the  cyclical 
permutations  of  x^XiX^z^XiX^,  they  receive  all  their  possible  values 
by  the  permutations  oixiX^XiX^  Xg. 

The  positive  substitutions  composed  of  five  elements  are  as 
follows: — 
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12346 

21436 

34126 

43216 

23451 

14352 

41253 

32154 

34512 

43621 

12534 

21543 

46123 

36214 

25341 

16432 

51234 

62143 

63412 

64321 

it 
23145 

32416 

14235 

41326 

31462 

24153 

42351 

13264 

14623 

41632 

23614 

32541 

46231 

16324 

36142 

26413 

62314 

63241 

K 
13425 

51423 

64132 

h 
31246 

2. 
24316 

42135 

12463 

34261 

43152 

21354 

24531 

42613 

31624 

13642 

45312 

26134 

16243 

35421 

53124 

61342 

52431 

64213 

x„ 


The  60  negative  substitutions  are  obtained  by  making  the 
transposition  21  for  12  in  all  the  preceding. 
By  ati==;i+^+^+»h 

we  mean  to  say  that  x^  is  the  sum  of  the  four  subgroups  written 
under  jx  ^i  h  ^^^  ^»  ^th  a  like  signification  for  Xs  and  Zg. 
And  by  — Xi=  _;•,+(— i^) + (—/,)+(— i»i),  &c., 

we  mean  that  — ^Xj,  — x,.  — tl^  and  —j^  &c.,  are  what  x„  x„  X|, 
and  jx^  ^,  become  by  the  transposition  21  for  12  made  alike 
through  their  sums  of  substitutions. 


By 


H|.+H},+H'„+H{,+H1,=.M„ 
Hj,+HJ,+HJ.+Hi.+HJ.  =  J , 
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Hi+ =aM, 


Hi+  ....  +HJo=3Mi, 
I  mean  that  |Jj  is  the  sum  of  the  tth  powers  of  the  functions 
obtained  by  effecting,  on  the  subindices  of  XiX^x^x^x^  in  H^,  the 
substitutions  written  under  j'\,  ,Ji  being  the  sum  of  the  five 
functions  made  by  operating  on  H|  by  the  substitutions  under  y^, 
Ac.  We  form  thus  60  values  of  Hj  with  the  positive,  and  60 
more  with  the  negative,  substitutions. 
By  .J?+iKf+,L?+,M?=iX4 

fJ<  +aK.i  +2Li  +2Mj  r^iX^i 

J?+3Kf+3L?+3M?=3X*, 

I  mean  to  say  that  iX^  is  the  sum  of  the  Ath  poweTs  of  th^  four 
functions  iJ^  ko. 

It  is  evident  that  HI,  H^,  (fee,  can  be  £[>nned  for  anj  integpBr 
index  i,  and  as  well  as  iJ^,  <&c.,  for  any  integer  h, 

I  denote  by  HLi,  HLt,  &c.,  and  by  ^JJ,  on  _iKj,  &c.,  and  by 
^X^^if  &c.,  the  results  of  operating  on  H[,  Hj,  <fec.,  on  jjf,  <fec.,  and 
on  iXm,  ^'i  by  the  substitution  2134,  effected  on  the  sub- 
indices  of  «i  X|  a:,  X4  Xf  throughout  the  function  considered. 

It  is  evident  that 

G^w+i^w+aXjw) + (-iX«+-iXjki+-«X«) 

and  (iXiw+fXjy+sXjw)(_iXAi+«2X«+_<jXj^) 

are  both  symmetrical  functions  of  the  roots,  and  rational  func* 

tions  of  the  coefficients,  of  G=0 ;  as  may  be  readily  seen  by 

making  A=t=l,  and  observing  that  the  involutions  cannot  destroy 

the  symmetry  in  the  roots,  or  the  rationali^  in  the  coefficients 

of  G=:0  ;  for  the  former  is  the  sum,  and  the  latter  the  product 

of  two  functions,  either  of  which  becomes  the  other  by  any  odd 

number  of  transpositions  of  the  subindices  of  ^i^c^x^x^x^y  while 

neither  is  altered  by  any  even  number  of  such  transpositions 

Wherefore 

iXw+jXjf+aX^ 

is  the  root  of  a  giveti  quadratic,  whose  coefficients  are  rational 

ftmctions  of  those  of  6=0. 
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For  the  very  same  reaaipii 
(iXAi*tXw+iXju*,X4rJ"fXgu*tX»i)+(-iXju'_jX^^X4i*_8X^rJ"-8Xjii*_aXjk<) 
and 

(lXA4*tXAi+xX;if3X;y+2Xjk<'8X*f)(-lX4|*_tX;ji-4»_lXjM*-aX;jj-+_,X^'_3Xw) 

are  rational  functions  of  the  coefficients  of  G=:0,  and 

lXiM'jX;i,+  xX/ii'sX^  +aX;i<  'zXj^ 

is  t)ie  root  of  such  another  given  quadratic.     Also 

iX^'aX^  sXM*-iXM'^.aXju*-4XM 
are  rational  in  the  coefficients  of  G=:0,  for  the  same  reason ;  and 

is  the  root  of  such  another  given  quadratic. 

We  can  now  form  the  cubic  whose  roots  are  jX^y,  ^^  and  aXju» 
an  equation  having  for  coefficients  given  irjcational  functions  of  th^ 
coefficients  of  G=0,  in  which  every  radical  has  a  determined  sign. 
I^et  (iX^i) ,  (,Xa<)  (sXa,)  be  the  algebraic  roots  of  this  cubic. 

By  forming  and  solving  this  cubic  for  the  values  Ar^X,  A=2, 
A=:3,  A=4,  we  get,  and  we  are  content  to  get,  from\5ach  of  the 
four  cubics,  its  one  algebraic  root  {{K^i),  in  which  there  is  no  am- 
biguity in  the  radicals.      That  is,  we  obtain 

GX,)=iJ,+iK,+iL,+iM, 

(iX,.)^,J,«+iK,>+xW+xM/ 

(iX,.)=iJ,*+xK,'+,L,»+,M,» 

(,X«)=iJ{+,K}+,Lf+|MJ, 

where  the  left  members  are  all  given  irrational  functions  of  the 
coefficients  of  G=0,  in  which  every  radical  has  a  determined  sign. 

From  these  equations  given  for  the  five  values  (1,  2,  3,  4,  5)  of 
I,  we  form  easily  for  every  such  value  the  quartio  whose  roots  are 
xJ<,  jK;,  iLj,  and  iM,.  This  quartic  will  have  for  coefficients  given 
irrational  functions  of  the  coefficients  of  G=0,  every  radical  having 
a  determinate  sign. 

Forming  now  and  solving  tiiese  qnartics  for  the  first  five  values 
of  t,  we  obtain  from  each  for  the  one  root ) Jj  an  irrational  function 
(i^^)  of  the  given  coefficients  of  the  sextic  G=0,  in  which  every 
ridkftlliaaftdeteniMQMLBifD.    Thati%  we^^btain 
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GJ,)=H,+H,+H,+H,+H„ 
(iJ,)=HJ+H»+HI+HJ+HJ, 

(,j,)=h;+hj+h!+hj+h|, 

(,J,)=H}+H}+HJ+H1+H{, 
(iJ5)=H{+HJ+Hl+H{+H{, 

With  these  data  we  can  form  the  quintic  whose  roots  are 
H|  H,  H,  H4  and  H5.  Its  coefficients  will  be  given  irrational 
functions  of  the  coefficients  of  G=0  formed  from  the  definite  five 
(iJ<),  in  which  every  radical  will  have  a  determined  sign. 

Solving  this  quintic,  and  substituting  its  five  roots  (Hj),  (HJ, 
Ac.,  for  Hi  H,  H3  H4,  H5  in  our  expression  for  a^  we  have  the 
algebraical  solution  of  the  general  sextic  Q=0  :  and  every  one  of 
Xq  Xi  X2  Xt  x^  Xf  IB  definitely  given  by  the  proper  reading  of  the 
cube  roots  of  unity. 

By  a  like  process  can  every  algebraic  equation  be  solved,  the  nth 
degree  after  the  (n — l)th. 

"  Description  of  a  Dolerite  at  Qleaston,  in  Low  Fumeas," 
by  E.  W.  BiNNET,  F.RS.,  F.G.S. 

Dming  the  laat  30  years  the  tract  of  land  known  as  the 
Hundred  of  Low  Fumess  has  been  investigated  and 
described  by  several  geologists.  It  was  one  of  the  earliest 
fields  investigated  by  the  venerable  Sedgwick,  who  has  left 
us  a  most  valuable  memoir  of  his  labours  in  that  district 
Since  then,  Mr.  Jopling,  myself  and  Sir  R  L  Murcbison, 
and  Professor  Harkness  have  published  descriptions  of  the 
Silurian  mountain  limestone  and  permian  formations  of  the 
country.  Miss  E.  Hodgson  has  also  given  us  information 
as  to  the  driift  deposits  overlying  the  paloaozoic  strata. 
Still,  notwithstanding  what  has  been  done,  it  may  confidently 
be  asserted  that  the  peninsula  comprising  the  southern 
part  of  the  Hundred  of  Low  Fumess  has  yet  to  be  care- 
fully examined  before  its  geology  can  be  said  to  be 
thoroughly  known. 

None  of  the  above-named  person^  appear  to  have  been 
aware  of  the  occurrence  of  any  trap  dykes  in  this  district, 
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judging  from  their  published  writings,  with  the  exception 
of  Mr.  Jopling,  who,  in  his  sketch  of  the  geology  of  Low 
Furhess  and  Cartmel,  comprehending  the  Hundred  of 
Lonsdale  north  of  the  sands,  published  in  1843,  when 
speaking  of  the  geology  of  Gleaston,  says : — "  Carboniferous 
limestone  abounds,  and  in  the  quarries  near  the  castle  are 
many  fossils  beautifully  preserved  in  the  shale  beds  between 
those  of  the  limestone ;  there  is  also  a  vein  of  trap."  At 
page  72,  the  same  author  says  ''  there  are  also  appearances 
of  trap  near  Gleaston,  associated  with  limestone  breccia." 

Li  the  month  of  October  last,  Miss  E.  Hodgson  was  so 
kind  as  to  send  me  some  specimens  of  rocks  from  Qleaston, 
which  puzzled  her  a  good  deal    Some  of  the  parties  to 
whom  she  had  sent  them  called  them  dolomites,  whilst 
others  named  them  traps  and  greenstone&    To  the  latter 
opinion  Miss  Hodgson,  I  believe,  was  inclined  to  add  the 
weight  of  her  sanction.     Not  having  previously  seen,  or 
even  heard  of,  the  occurrence  of  any  such  rocks  in  the 
district  where  they  were  said  to  be  met  with,  I  went  over 
to  examine  them,  and  having  been  furnished  with  informa- 
tion by  Miss  Hodgson,  easily  found  the  place  where  they 
are  exposed  at  Gleaston  Green.     At  that  time  Mr.  Jopling's 
book  had  not  been  seen  by  ma    The  space  occupied  by 
these  singular  rocks,  at  least  so  far  as  at  present  exposed,  is 
so  limited  that  all  that  can  be  seen  is  veiy  soon  ascertained. 
Specimens  were  collected,  and  a  few  observations  made. 
The  former,  by  the  kindness  of  my  friend  Professor  Boscoe, 
F.RS<,  were  analyzed  for  me  in  the  laboratory  of  Owens 
CoUega     It  is  only  by  the  labours  of  the  chemist  that 
geologists  can  with  any  certainty  decide  upon  the  age  and 
origin  of  such  rocks  as  those  which  are  met  with  at  Gleaston. 
On  approaching  Gleaston  Green  fit>m  Scales,  the  moun- 
tain limestone  appears  to  occupy  the  countiy  so  far  as  it 
can  be  seen.    Jn  a  quarry  below  the  old  castle  on  the  road- 
side,  this  rock  in  the  northern  part  is  very  hard,  and  dips 


to  the  waet  9t  an  aj^gle  of  25^  whikt  in  the  souihera  part^ 
where  it  is  softer,  it  dips  iu  the  same  direction  at  an  angle 
of  16°.  Owing  to  the  covering  of  drifts  the  limestone  is  not 
seen  »earer  to  the  mill,  but  it  probably  extends  further  in 
that  direction.  At  a  short  distance  below  the  mill,  dark- 
coloured  laounated  sbaJas  are  seen  in  the  bank  on  the 
roadside,  dipping  apparently  at  an  angle  to  the  N.N.W.  We 
th^n  come  to  the  rocks  at  the  end  of  the  Green.  Th^y 
appear  to  run  in  an  east  and  west  direction,  and  are  not 
now  exposed  for  more  than  twenty  yards.  From  north  to 
aouih  th/ey  may  probably  extend  about  f<»rty  yards^  but 
certainly  for  i^ore  than  hajif  of  that  distao^^  towards  ihe 
beck,  they  are  not  now  seen  until  the  land  risee  on  iixe  Uuff 
south  of  the  bedc,  where  they  reappear  as  a  reddish  and 
bedded  trap  ash,  baviog  qa  east  and  west  direction,  aod 
dipping  N.RW.  aA  an  an^e  of  about  60°.  This  ash  is 
succeeded  by  a  coaarse  breoota  of  a  {^w  yands  in  thickaesS) 
so^iSstr  aa  exposed,  which  dips  slightly  north  of  west^  at  an 
aqgle  of  2o°,  and  then  is  covered  up  by  grass  so  ba  not  to 
be  seen*  but  no  doubt,  &om  sections  in  the  a4Joining  lane 
and  borings  made  oil  the  rise  of  the  straJba^  dairk-coloured 
shales  occur  again,  and  the  dyke  most  pcobably  iatrades 
through  these  shales,  which  are  in  every  respect  lik^  Ihao^- 
stone  riMdee,  but  no  organic  remains  were  observed  in.  them 
so  as  to  Bai^e  us  certain  of  their  geological  age. 

iEletitrning  to  the  north  side  of  the  beck,  nothing  is 
es|)ased  of  ibe  district  west  of  the  hard  rocks  seen  on  th^ 
Gbees,  owing  to  the  thidc  covmng  of  drift  iu  tiuii^  diroe- 
ivm-y  but  Mr.  Hodgson  has  proved,  by  a  series  of  bore- 
holes, ihe  occurrence  of  upper  permian  sandstone,  red 
shale,  and  limestone  shale  —  the  first  to  the  S.W.,  the 
second  to  the  west,  and  the  third  to  Uio  N.W.  of  Gleastoo ; 
and  Mr,  Ashbumer  has  proved  limestone  shale  aadi  lime- 
stone in  bores  to  the  £.  and  N.£.  of  the  locidity  where^the 
roupkaajfejoiul 
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In  the  bluif  on  the  Boath  side  of  the  stream,  as  pi»* 
^nsly  stated,  the  roek  appears  more  like  a  trap  ash  of 
a  reddish-brown  colour,  and  exhibits  traces  of  bedding  and 
white  lines  like  cajrbonate  of  lime.  Immediately  adjoining 
trap  ash,  and  on  its  rise,  occurs  the  coarse  breccia  composed  of 
fine-grained  siliceous  rocks,  cemented  together  with  quarts, 
and  like  a  permian  breccia ;  but  although  the  beds  are  near 
together,  there  was  not  evidence  to  show  whether  the  trap 
ash  gradually  passed  into  the  breccia  or  intruded  through 
it,  still  the  breccia  appeared  to  dip  in  the  same  direction, 
but  at  a  much  less  angle,  namely,  25°  to  a  little  west  of 
nortL  This  is  a  very  interesting  fact  to  prove ;  for  if  the 
rock  graduates  into  the  breccia,  it  would  appear  to  be  of 
permian  age,  and  most  probably  a  melaphyr,  but  if  it  is 
intrusive,  as  the  evidence  on  the  whole  appears  to  prove, 
all  we  can  say  is  that  it  is  of  later  date. 

This  breccia  is  composed  of  angular  pieces  of  a  fine  sili- 
ceous stone,  of  a  pink  colour,  more  resembling  quartzite  than 
anything  else  cemented  together  by  small  quartz  crystals, 
and  containing  minute  quantities  of  protoxide  of  manganese. 
The  form  of  the  fragments  is  very  like  that  of  the  rocks 
in  the  permian  breccia  of  Kougham  Point,  near  the  moun- 
tain limestone  of  Humfray  Head,  and  there  consisting  for 
the  most  part  of  the  neighbouring  mountain  limestone,  but 
no  limestone  has  yet  been  met  with  in  the  Gleaston  breccia 
as  might  have  been  reasonably  expected;  and  the  pink 
quartzite  is  a  rock  hitherto  unknown  in  the  district.  The 
permian  breccia  so  far  as  my  experience  goes,  although  some- 
times containing  volcanic  ash  are  composed  of  the  rocks  now 
found  in  the  neighbourhood  where  they  occur,  and  nearly 
always  vary  with  the  older  geological  rocks  of  the  district. 
The  oomposftion  x)f  Hbe  Gtteaston  breocia  makes  me  hesita^ 
in  designatilig  it  as  penman  as  it  may  be  some  rock  altered 
by  the  dyke. 
The  focAt  in  ii»  beet  nM&  of  pfoserwtioin  is  remericBrbly 
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hard,  of  a  reddish  brown  colonr,  has  a  moderately  straight 
fracture,  and  a  pinkish  white  streak,  and  its  specific  gravity 
is  2*92. 

Three  average  samples  of  the  rock  were  taken,  two  from 
the  north  and  one  from  the  south  side  of  the  beck.  All  of 
them  were  more  or  less  decomposed  by  exposure  to  air 
and  moisture,  but  No.  26  much  less  than  Nos.  23  and  24. 
Professor  Boscoe  on  analysis,  found  ih&r  present  chemical 
composition  to  be  as  follows : — 


Soathof 
Straam, 
Na  n. 

North  of 
Sfcceam, 
Na  24 

North  of 

StTMB, 

No.  SOL 

Silica     

46-54 
24-76 
7-70 
18-84 
057 
2-78 
4-82 

60-96 
24-20 
14-48 
782 
0*56 
1-90 
0-59 

51-10 
21-58 
9-40 
6-24 
188 
2-70 
7-65 

Peroxide  of  Iron 

Alnvnni^  , 

Tvime       .-,.,,.  ,-,^,,-.. 

Magneffift- » » 

Caroonio  Acid 

10000 

lOOHX) 

lOOW 

The  only  rock  which  I  know  of  a  similar  composition,  is 
a  probable  variety  of  green  earth,  resembling  a  decomposed 
pyroxene,  described  by  Macfarlane,  in  the  Canadian 
Naturalist,  New  Series,  voL  iii..  No.  1,  page  5,  in  a  piqper 
on  the  cupriferous  bed  of  Portage,  Lake  Michigan,  which 
consists  of — 

Silica   46-48 

Alumnia 17-71 

Protoxide  of  Iron    2117 

Lime    9-89 

Magnesia  trace  — 

Alkalies  (by  diifference)  1-97 

Water 278 

Mr.  David  Forbes,  F.RS.,  to  whom  were  forwarded  small 
specimens  of  the  rocks  and  the  above  analyses,  kindly 
informed  me  that  the  rocks  were  so  much  decomposed  tiiat 
it  was  difficult  to  pronounce  with  certainty  as  to  what  they 
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were,  but  he  was  inclined  tx>  think  that  they  were  ah 
intrusive  dolerite  of  carboniferous  age  rather  than  a  mela- 
phyr.  The  iron  had  been  changed  from  a  protoxide  into  a 
peroxide,  and  the  lime  had  resulted  from  the  decomposition 
of  a  lime  felspar.  As  Mr.  Forbes  had  found  the  presence  of 
titanium  united  with  iron  in  all  the  carboniferous  dolerites 
he  had  examined;  I  took  several  ounces  of  the  three 
samples  above  given,  and  having  heated  them  in  a  crucible 
so  as  to  convert  the  iron  fit>m  a  per  into  a  protoxide,  and 
extracted  it  by  a  magnet  About  half  an  bunco  of  this 
iron  was  very  careftdly  examined  by  Mr.  Thorpe  in  Dr. 
Roscoe's  laboratory,  especially  for  titanic  acid,  and  no 
trace  of  that  substance  was  found.  He  used  the  test  with 
microcosmic  salt,  having  separated  iron  and  silica.  The 
absence  of  titanium  in  the  rock  would  lead  us  to  believe 
that  it  was  of  later  origin  than  the  carboniferous  age,  but  if 
traces  of  that  metal  had  been  found,  it  would  not  only  have 
settled  the  question  as  to  the  age,  but  it  would  have  shewn 
a  connexion  with  the  hsematite  iron  ores  of  Whitehaven 
and  XJlverston,  all  of  which  contain  more  or  less  of  titanimn 
as  proved  by  the  deposits  of  that  metal  found  on  the  sides  of 
old  furnaces  where  hsematite  has  been  smelted.  Is  the  rock  of 
permian  age  ?  It  is  certainly  not  much  unlike  the  mela- 
phyr  of  the  Qerman  Qeologists,  and  the  breccia  near  the 
dolerite  is  not  greatly  different  fit>m  that  of  Ballochmyle, 
described  by  Mr.  A.  Qekie,  F.II.S.,  in  the  Oeologieal  Maga- 
zine, for  December,  1866,  but  we  could  not  obtain  direct 
evidence  that  the  breccia  gradually  passed  into  the  trap,  the 
latter  appeared  to  protrude  through  it,  but  certainly  the 
trap  and  the  breccia  dipped  in  the  same  direction,  the  one 
at  about  60''  and  the  other  at  25''  a  little  West  of  North. 
This  point  can  only  be  satisfactorily  determined  by  cutting 
a  trench  and  shewing  the  contact  of  the  breccia  with  the 
tnq).  The  extent  of  the  dyke  can  only  be  traced  for  a  few 
yards  east  and  west  as  previously  stated,  and  none  of  the 


tematifte  iron  deposits,  so  far  «a  ksowa,  have  been  ffmad 
south  of  it  lift  age  also  appears  to  be  more  recent,  even 
supposing  it  to  be  permian,  than  tiiose  deposits,  which  for 
the  most  psurt  must  be  considered  of  carboniferous  age.  The 
occurrence  of  this  trap  might  have  been  considered  to  have 
8ome  eonoection  with  the  deposition  of  the  iron  had  it  been 
of  carboniferous  age>  but  it  is  evidently  more  recent,  and 
therefore  could  have  had  nothing  to  do  with  it  further  tkan 
disturb  or  displace  it 

"  A  Search  for  Solid  Bodies  in  the  Atmosphere,"  bj  R 
Angus  Sbcth,  Ph.D.,  F.RS^  &a 

I  have  so  frequently  for  many  years  attempted  to  find, 
and  have  found,  organic  substances  which  have  passed  from 
the  air  into  liquids  in  which  they  were  collected,  that 
perhaps  the  Society  will  scarcely  attend  to  another  attempt, 
although  it  indicates,  I  tiiink,  some  progress.  It  was  in  the 
year  1847  that  I  first  collected  what  I  believe  was  matter 
-bom  the  respiration  and  perspiration,  and  found  that  as  it 
was  kept  it  grew  into  dfetinct  confirmed  forms. 

Whilst  examining  some  matters  relating  to  the  cattie 
plague  I  found  one  or  two  remarkable  pointa  I  had  before 
iliat  time  used  aspirators  to  pass  the  air  through  Ikfoids, 
except  in  the  oxidation  experiments.  At  that  time  I  used 
simply  a  bottle  which  contadned  a  little  water.  The  bottle 
was  filled  with  the  air  of  the  place  and  ihe  water  diakea  in 
it  The  diflerence  of  air  was  remarkable.  A  very  few 
T^etitions  would  cause  the  liquid  to  be  muddy,  and  the 
particles  found  in  many  places  w««  distinctly  oiganic. 

Lately  I  tried  the  same  plan  on  a  larger  scale.  A  bottle 
<rf  the  capacity  of  *A%^  ca  was  filled  with  air  and  duaken 
with  water.  The  bottle  was  again  filled  and  shaken  witii 
the  same  water,  and  this  was  repeated  600  times,  nearly 
equal  to  2^  million  cbc.,  or  2,495  litres.  As  Urn  could  not 
%e  dcme  JA  a  dftort  ^me,  <tbeve  was  <coiuKde<adtde  ^mxiatyoi 
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weather,  but  chiefly  dry,  Tdth  a  westerly  whid.  Thfe  opera- 
tion was  conducted  behind  my  laboratory,  in  the  neighbour- 
hood of  places  not  very  clear,  it  is  true,  but  from  which 
the  wind  was  blowing  to  all  parts  of  the  town.  I  did 
not  observe  any  dust  blowing,  but  if  there  were  dust,  it  was 
such  as  we  may  be  called  on  to  breathe.  The  liquid  was 
clouded,  and  the  unaided  eye  could  perceive  that  particles, 
very  light,  were  floating.  When  examined  by  a  microscope 
the  scene  was  varied  in  a  very  high  degree — there  was  evi- 
dently organic  life.  I  thought  it  better  to  carry  the  whole 
to  Mr.  Dancer  and  to  leave  him  to  do  the  rest,  as  my  know- 
ledge of  microscopic  forms  is  so  trifling  compared  to  liis.  It 
may,  however,  interest  the  Society  to  hear  of  a  few  of  these 
previous  attempts,  the  latest  made  tiU  recently.  I  shall 
therefore  read  from  a  report  to  be  found  in  the  appendix  to 
that  on  the  cattle  plague. 

Mr.  Crookes  also  brought  me  some  cotton  through  which 
air  from  an  infected  place  had  passed.  It  was  examined  at 
the  same  time.  Taking  cotton  in  the  mass  nothing  decided 
was  seen ;  but  when  it  was  washed  some  of  the  separate 
films  were  coated  over  with  small  nearly  round  bodies,  pre- 
senting no  structure,  or  at  least  only  feeble  traces  of  it,  and 
perhaps  to  be  called  cells.  I  had  not  sent  gun-cotton,  as  I 
intended,  to  Mr.  Crookes,  fearing  the  rules  of  the  post;  other- 
wise there  woiild  have  been  more  certainty  that  the  bodies 
spoken  of  did  not  exist  previously  on  the  cotton.  However, 
Mr.  Dancer,  who  has  examined  cotton  with  the  microscope 
oflener  than  most  persons,  even  of  those  experienced  in  the 
subject,  had  never  observed  a  similar  appearance. 

The  liquid  had  also  a  number  of  similar  bodies  floating  in 
it. 

It  was  then  that  Mr.  Crookes  sent  a  liquid  which  he  had 
condensed  from  the  air  of  an  infected  cowshed  at  a  space  a 
little  above  the  head  of  a  diseased  cow.  It  was  also  exam- 
ined, tend  it  pr^ented  similar  indications  of  very  numerous 
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small  bodies.  Not  being  a  professed  microscopist  I  shall  not 
attempt  a  description,  but  add  that  ihey  clearly  belonged  to 
the  organic  world,  and  were  not  in  all  cases  mere  debris. 
We  found  also  one  body  a  good  deal  laiger  than  the  rest ;  it 
resembled  somewhat  a  paramedum,  although  clearly  not  one. 

We  found  no  motion  whatever,  and  only  this  latter  sub- 
stance could  be  adduced  as  an  absolute  proof  of  anything 
organized  being  present  Next  day  I  examined  the  same 
liquid;  and,  whether  from  the  fact  of  time  being  given  for 
development  or  from  other  causes,  there  was  a  very  abundant 
motion.  There  were  at  least  six  specimens  in  the  field  at  a 
time,  of  a  body  resembling  the  euglena,  although  smaller 
than  I  have  seen  it  When  these  minute  bodies  occur  it  is 
clear  that  more  may  exist,  and  germs  in  this  early  stage  are 
too  indefinite  to  be  described.  The  existence  of  vital  sparks 
in  the  organic  substances  in  the  air  alluded  to  is  all  I  wish 
to  assert,  confirming  by  a  different  method  the  observations 
of  others.  It  might,  of  course,  be  said  that  since  the  bottle 
was  opened  at  Mr.  Dancer's  the  air  at  that  place  may  have 
communicated  them.  I  answer  that,  before  it  was  opened, 
a  good  glass  could  detect  floating  matter,  some  of  it,  how- 
ever, as  in  the  microscope  proved,  indefinite  enough. 

Finding  this,  and  fearing  that  the  long  time  needful  to 
collect  liquid  from  the  atmosphere  might  expose  it  also  to 
much  dust,  I  used  a  bottle  of  about  100  cubic  inches 
dimensions,  and  putting  with  it  a  very  little  water,  not 
above  five  cub.  centimetres,  I  pumped  out  the  air  of  the 
bottle,  allowing  the  air  of  the  place  to  enter.  This  was 
done  six  times  for  each  sample,  the  water  shaken  each 
time,  and  the  result  examined.  This  was  done  with  the 
same  bottle  that  was  used  in  my  early  experiments  with 
permanganate,  and  by  the  same  method,  except  that  water 
instead  of  that  salt  was  used.  At  first  considerable  num- 
bers of  moving  particles  were  found ;  but  it  was  needful  to 
examine  the  water  used,  and  here  occurred  a  difficulty.     It 
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was  not  until  we  had  carefully  treated  with  chemicals  and 
then  distilled  the  water  again  and  again  that  we  could  trust 
it  Particles  seemed  to  rise  with  the  vapour,  and  if  so,  why 
not  with  the  evaporating  water  of  impure  places. 

Having  kept  an  assistant  at  the  work  for  a  week,  and 
having  myself  examined  the  air  of  three  cow-houses,  I  came 
to  the  conclusion  that  the  air  of  cow-houses  and  stables  is 
to  be  recognized  as  containing  more  particles  than  the  air 
of  the  street  in  which  my  laboratory  is,  and  of  the  room  in 
which  I  sit,  and  that  it  contains  minute  bodies,  which 
sometimes  move,  if  not  at  first,  yet  after  a  time,  even  if  the 
bottle  has  not  been  opened  in  the  interval  There  is  found 
in  reality  a  considerable  mass  of  debris  with  hairs  or  fine 
fibres,  which  even  the  eye,  or  at  least  a  good  pocket  lens, 
can  detect.  After  making  about  two  dozen  trials,  we  have 
not  been  able  to  obtain  it  otherwise.  Even  in  the  quiet 
office  at  the  laboratory  there  seemed  some  indications. 

I  found  similar  indications  in  a  cow-house  with  healthy 
cows ;  so  I  do  not  pretend  to  have  distinguished  the  poison 
of  Cattle  Plague  in  these  forms ;  but  it  is  clear  that  where 
these  exist  there  may  be  room  for  any  ferment  or  fomites  of 
disease ;  and  I  do  not  doubt  that  one  class  is  the  poison 
itself  in  its  earliest  stage.  It  would  be  interesting  to 
develope  it  ferther. 

I  have  recorded  elsewhere  that  I  condensed  the  liquid 
firom  the  air  of  a  flower  garden,  and  found  in  it,  or  imagined 
I  found,  the  smell  of  flowers.  I  do  not  remember  that  I 
looked  much  to  the  solid  or  floating  particles,  thinking 
tiiem  to  be  blown  from  the  ground,  but  it  does  not  affect 
the  result,  whether  they  be  found  constantly  in  tiie  air  or 
are  raised  by  the  action  of  current& 

"  Microscopical  Examination  of  the  Solid  Particles  from 
the  Air  of  Manchester,"  by  J.  B.  Danceb,  F.R A.S. 

The  air  had  been  washed  in  distilled  water,  and  the  solid 
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matter  which  subsided  was  collected  in  a  small  stoppered 
bottle,  and  on  the  13th  of  tUs  month  Dr.  Smith  requested 
me  to  examine  the  matter  contained  in  this  water.  An 
illness  prevetited  me  from  giving  it  so  much  attention  as  I 
eould  hare  wished. 

The  water  containing  this  air-washing  was  first  examined 
with  a  power  of  50  diameters  only,  for  the  purpose  of  getting 
a  general  knowledge  of  its  contents ;  afterwards  magniiyiDg 
powers  varying  from  120  to  1,600  diameters  were  employed. 

During  the  first  observations,  few  living  organisms  were 
noticed ;  but,  as  it  oftjerwards  proved,  the  germs  of  plant 
and  animal  life  (probably  in  a  dormant  condkion)  wars 
present. 

I  will  now  endeavour  %o  describe  the  olgects  fouj»i  in 
tins  matter,  and  begin  in  the  ord^  in  which  they  appeared 
most  abundant. 

1st.  Fungoid  Matter, — Spores  or  sporidiae  a|i^f>eared  in 
numbers,  an:d,  to  ascertain  as  nearly  as  possible  the  num^- 
cal  proportion  cf  these '  minute  bodies  in  a  single  drop  of 
&e  fluid,  the  contents  of  the  bottle  were  well  shaken,  and 
then  one  drop  was  taken  up  with  a  pipette ;  ttiis  was  spread 
out  by  compression  to  a  circle  |  an  indi  in  diameter.  A 
magnifying  power  was  then  employed,  which  gave  a  field 
of  view  of  an  area  exactly  100th  of  an  inch  in  diameter,  and 
it  Mms  found  that  more  than  100  spores  were  contained  in 
this  space ;  consequently  tiie  average  number  of  spares  in  a 
single  drop  would  be  250,000.  These  spores  varied  from 
10,000th  to  50,000th  of  an  inch  in  diameter.  The  peculiar 
molecular  motion  in  the  spores  was  observable  for  a  short 
time,  until  they  settied  on  to  the  bottom  <rf  the  glass  plate; 
they  then  became  motionless. 

The  Mycelium  of  these  minute  fungi  were  similar  to  that 
of  rust  or  mildew  (as  it  is  commonly  named),  sadtk  as  is 
found  on  straw  or  decaying  vegetation. 

When  the  bottie  had  remained  for  88  hmtm  te  a  t^eni  at 
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a  temperature  of  60^  the  quantity  of  fungi  had  visibly  in- 
creased and  the  delicate  mycelial  thread-like  roots,  had 
completely  entangled  the  fibrous  objects  contained  in  the 
bottle  and  formed  them  into  a  mass. 

On  the  third  day  a  number  of  ciliated  zoospores  were 
observed  moving  freely  atBongst  tibe  sporidise.  I  could  not 
detect  any  great  variety  of  fimgi  in  the  contents  of  tiie 
bottle,  but  I  cannot  presume  to  say  that  aU  the  visible  spores 
banged  to  ona  species,  and  as  th^e  are  more  than  2,000 
difier^at  kinds  of  fungi  it  is  possible  that  spores  of  other 
species  might  be  present,  but  m>t  under  conditions  favour- 
able for  their  development  Some  very  pretty  cbwn-like 
threads  of  ccoddia  were  visible  in  some  of  the  examinations. 

The  next  in  quantity  is  vegetable  tissue.  Some  of  this 
formed  a  very  interesting  object^  with  a  high  power,  a^d 
the  greater  poortion  exhibited  what  is  called  pitted  structure. 
The  lu^er  particles  of  this  had  evidently  been  partially 
bomt  and  quite  brown  in  colour,  and  were  from  coniferous 
plants,  showing  with  great  distinctness  the  broad  nuurginal 
bands  surrounding  the  pits;  others  had  reticulations  small 
in  diameter.  They  reminded  me  of  perforated  particles  so 
abundant  in  some  kinds  of  coal 

The  iMTOwn  or  charred  ol^ts  were  probably  particles  of 
partially  burnt  wood  used  in  lighting  firea 

Along  with  these  reticulated  objecto  were  fitlg^leats  of 
vegetation,  resembling  in  structure  hay  and  straw  and 
hay  seeds,  and  some  extremely  thin  and  traAsparent  tissue 
showing  no  structure.  These  were  doubtiess  some  portions 
of  weather-worn  v^etation.  A  few  hairs  of  leaves  of 
pknts  and  fibres,  similar  in  appearance  to  flax,  were  seen, 
aad  as  might  have  been  expected  in  this  city,  cotton  fila- 
meaia,  some  white,  others  coloured,  were  numerous;  red 
and  blue  being  the  predominant  colours.  A  few  granules 
of  starch,  seen  by  the  aid  of  the  polanaoope,  and  several 
loBg  elliptical  bodies,  similar  to  the  poUen  of  the  lily,  wfre 
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noticed.  After  this  dust  from  the  atmosphere  had  been 
kept  quiet  for  three  or  four  days,  animalculse  made  their 
appearance  in  considerable  numbers,  the  monads  being  the 
most  numerous.  Amongst  these  were  noticed  some  com- 
paratively large  specimens  of  paramecium  aurelia^  in 
company  with  some  very  active  rotiforsB ;  but  after  a  few 
days  the  animal  life  rapidly  decreased,  and  in  twelve  days 
no  animalcuke  could  be  detected. 

HoAts  of  Animals, — ^Very  few  of  these  were  noticed,  with 
the  exception  of  wool;  of  this  both  white  and  coloured 
specimens  were  mixed  up  along  with  the  filaments  of  cotton. 

After  each  examination  as  much  of  the  drop  of  water  as 
could  be  collected  by  the  pipette  was  returned  to  the  bottle, 
in  order  to  ascertain  if  any  new  development  of  animal  or 
vegetable  life  would  take  place,  and  the  stopper  of  the  bottle 
was  replaced  as  quickly  as  possible  to  prevent  the  admission 
of  the  particles  from  the  air  in  the  room ;  and  I  am  tolerably 
certain  that  the  objects  named  in  this  paper  are  those  which 
the  bottle  contained  when  Dr.  Smith  brought  it  to  me. 

The'^particles  floating  in  the  atmosphere  will  differ  in 
character  according  to  the  season  of  the  year,  the  direction 
of  the  wind,  and  the  locality  in  which  they  are  collected, 
and,  as  might  be  expected,  are  much  less  in  quantity  after 
rain. 

The  small  amount  of  fluid  now  remaining  in  the  bottle 
emits  the  peculiar  odour  of  mildew,  and  at  present  the 
fungoid  matter  a^ppears  inactive. 

For  the  purpose  of  obtaining  a  rough  approximation  of 
the  number  of  spores,  or  germs  of  organic  matter  contained 
in  the  fluid  received  from  Dr.  Smith,  I  measured  a  quantity 
by  the  pipette,  and  found  it  contained  150  drops  of  the  raze 
used  in  each  examination.  Now,  I  have  previously  stated 
that  in  each  drop  there  were  about  250,000  of  these  spores, 
and  as  there  were  150  drops,  the  smm  total  reaches  the 
startling  number  of  37^  millions,  and  these,  exclusive  of 
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other  substances,  were  collected  from  2*495  litres  of  the  air 
of  this  city* — a  quantity  which  would  be  respired  in  about 
10  hours  by  a  man  of  ordinary  size  when  actively  employed. 
I  have  to  add  that  there  was  a  marked  absence  of  particles 
of  carbon  amongst  the  collected  matter. 


MIOEOSOOPICAL  AND  NATURAL  HISTORY  SECTION. 
February  24th,  1868. 

J.  B.  Dancer,  F.R.A.S.,  President  of  the  Section,  in  the 
Chair. 

Mr.  SiDEBOTHAM  sent  two  beautifully  finished  water- 
colour  drawings,  accompanied  by  the  following  note :  — 

"  I  send  you  a  couple  of  drawings  of  the  dry-rot  fungus 
MervXi/Vba  lachrymaTis,  remarkably  fine.  Mr.  Lynde,  our 
Treasurer,  brought  me  the  specimens,  which  he  had  met 
with  during  the  demolition  of  some  old  buildings.  The 
drawings  are  of  the  natural  size.  It  is  very  rarely  that 
such  perfect  specimens  are  found,  showing,  as  this  one  does, 
the  curious  structure  of  the  species,  and  its  connection  with 
both  the  pore  and  the  gill-bearing  divisions  of  fungi" 

Mr.  Dancer  exhibited  some  sand  from  the  sea-shore  at 
Santos,  South  America^  This  sand  was  remarkably  silvery 
in  appearance,  a  large  portion  of  it  consisting  of  minute 
plates  of  mica^  and  very  transparent  fragments  of  quartz, 
which  made  it  an  interesting  object  for  the  polariscopa  It 
was  rich  also  in  Foraminifera^  spines  of  Spatangus,  and  frag- 
ments of  Corallina 

•  Behind  Dr.  B.  Angoi  Smitli's  labontovj. 
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"Bemarks  on  Moleeular  Activity  as  shown  under  the 
Microscope,"  by  J.  B.  Dancer,  F.RA.S. 

The  Author  stated  that,  during  the  last  SO  years,  he  had 
met  with  many  miorosoopical  obsenrers  who  were  not  ac- 
quainted with  the  phenomenon,  to  whioh  the  name  of  mole* 
cular  action  has  been  given.  This  class  of  micro^copists  had 
confined  their  attention  to  objects  requiring  a  very  moderate 
amount  of  magnifying  power,  and  generally  t6  dry  objects; 
but  when  their  investigations  extended  to  minute  objects 
immersed  in  fluid  which  reqidred  powers  of  800  to  1500 
diameters,  they  were  startled  by  the  appearance  of  partides 
in  active  motion,  not  moving  in  a  direct  line,  but  vibrating 
as  if  attracted  and  then  repelled  by  each  other,  some  single, 
and  others  in  dusters. 

Many  instances  have  come  under  the  author's  notice,  in 
which  these  objects  have  been  regarded  by  microscopists  as 
anamtaloulfe.  They  have  given  rise  to  many  v^fy  ingenious 
speculations,  some  of  which  are  connected  with  spontaneous 
generation,  these  observers  would  have  been  saved  much 
labour  if  they  had  been  acquaintad  with  the  experiments  of 
the  late  Dr.  Robert  Brown  on  active  molecules. 

The  author  does  not  imagine  that  ihe  members  of  this 
section  are  wholly  unacquainted  with  the  experiments  of  the 
eady  micax>6copists  on  this  subject^  but  in  thi&  al)sence  of  more 
important  matter,  he  thinks  a  brief  account  of  the  eacfy 
observations  on  these  so  caJlied  active  moleculee  may  interact 
them. 

The  moving  particles  had  been  notie^  by  I^ewenbock, 
Stephen  Gray,  Buflbn^  and  otixers  who  supposed  them  to  be 
Animated  matter. 

In  the  year  1827,  tbe  late  Dr.  Robert  Bvowm,  whilst 
engaged  in  the  mioroseopioal  investigation  of  unimpregnoted 
ovulum,  noticed  ih&t  the  pollen  of  the  dardda  pulchella  was 
filled  with  particles,  which  appeared  in  active  motion  whon 
immersed  in  water.    Theee  observationa  were  followed  by 
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the  examination  of  the  pollen  of  other  plants,  the  particles 
of  which  he  found  to  exhibit  similar  activity.  For  some 
time  he  was  exceedingly  perplexed  with  these  phenomena, 
and  was  disposed  to  believe  that  he  had  really  seen  in  these 
minute  bodies  the  supposed  ecmstituents  or  elementary 
molecules  of  organic  bodies,  &r8t  so  considered  by  Bufibn, 
Wrisberg,  Midlw,  and  Milne  Edwards,  and  on  examining 
various  animal  ajid  vegetable  tissues,  wfaeth^  living  or 
dead,  he  found,  as  he  had  expected,  that  active  molecules 
were  visible  by  m^^y  bruising  the  substances  in  water. 

Continuing  his  observations,  he  found  that  particles  from 
a  bruised  specimen  of  fossil  wood  appeared  to  consist 
entirely  of  these  moving  bodies.  From  this  he  mfeired 
that  these  molecules  were  not  limited  to  organic  bodies,  or 
even  to  their  products. 

After  this  he  proceeded  to  -examine  min^nds,  simple 
earths,  metala,  and  many  other  substance  too  num^ous  to 
m^itiom,  and  with  similar  results. 

Son^  writers  who  commented  on  these  experiments,  but 
who  had  not  carefully  followed  his  commmnoations,  asserted 
tkat  Dr.  Brown  imagined  these  particles  to  be  animated,-*- 
and  this  statement  was  generally  believed* 

In  1829  the  author's  late  father  repeated  many  of  Dr. 
Brown's  experiments,  and  to  prove  that  these  moving  par- 
tides  could  not  be  animalculsB,  he  placed  some  eiystals  and 
minerals  in  a  crucible  which  he  subjected  to  a  red  heat, 
ground  portions  of  them  to  powder,  then  put  it  into 
distilled  water,  and  shewed  the  particles  in  motion  to  his 
scientific  friends.  It  is  now  well  known  that  all  kinds  of 
matter,  if  reduced  to  sufficiently  small  partixdes,  and  placed 
in  a  medium  in  which  they  will  not  readily  sink,  will 
exhibit  these  movements. 

Now,  as  this  phenomenon  occurs  in  the  cells  of  plants,  the 
yolk  of  the  egg,  and  in  decomposing  animal  and  vegetable 
matter,  it  is  not  surprising  that  the  early  microscopists,  and, 
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indeed,  modem  ones,  should  have  mistaken  them  for  animal- 
cute.  The  particles  which  exhibit  tiie  greatest  activity  are 
exceedingly  minute,  ranging  from  10,000th  to  30,000th  of 
an  inch  in  diameter ;  tiiey  remain  active  a  considerable  time 
if  they  are  nearly  of  the  same  specific  gravity  as  the  solu- 
tion in  which  they  are  immersed.  One  simple  mode  of 
producing  them  is  to  rub  a  little  gamboge  in  water,  on 
a  glass  sUde,  and  place  a  thin  glass  cover  on  it,  using  a 
power  of  from  800  to  1,200  diameters.  They  can  easily  be 
distinguished  with  less  magnifying  power,  but  are  not  so 
^ectually  shown.  If  they  are  required  for  prolonged 
examination.  Dr.  Brown  recommends  that  the  solution  of 
gamboge  be  mixed  with  a  little  almond  oiL  The  minute 
globules  of  water  are  thus  surrounded  by  oil,  and  rapid 
evaporation  is  prevented. 

The  cause  of  the  phenomenon  is  not  yet  satis£Eu;torily 
accounted  for.  Some  have  imagined  that  it  is  the  physical 
repulsion  of  the  particles  when  uninfluenced  by  gravitation. 
The  author  has  tried  many  experiments  with  electricity 
and  magnetism  without  success.  He  thinks  that  the 
movement  may  possibly  be  connected  with  the  absorption 
and  radiation  of  heai 

Those  interested  in  Dr.  Brown's  experiments  and  observa- 
tions on  active  molecules,  can  refer  to  his  republished 
papers  in  Vol.  L  of  the  Ray  Society's  publications  for  1866. 

After  the  meeting,  slides  containing  active  molecules 
were  exhibited  to  the  members. 

A  conversation  took  place  on  the  preservation  of  dried 
plants,  in  which  Mr.  Bailey  stated  that  he  uses  with  suc- 
cess glue  with  carbolic  acid  for  attaching  them  to  the  paper, 
as  a  preservation  against  mites,  placing  also  a  few  crystals 
of  the  dry  acid  in  his  cabinet. 
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Ordinary  Meeting,  April  14th,  1868. 

R  Angus  Smith,  PLC,  F.RS.,  Vice-President,  in  the  Chair. 

Mr.  WnL  Brockbank  and  Mr.  A  Brothers  were  appointed 
Auditors  of  the  Treasurer's  Accounts. 

Mr.  S.  Broughton  said  that,  on  recently  observing  with 
high  powers  a  group  of  fine  spots  on  the  sun,  one  of  which 
was  of  considerable  magnitude,  it  occurred  to  him  to  remove 
the  dark  glass,  and  by  keeping  the  eye  much  beyond  the 
focus  of  the  heating  rays,  and  at  such  a  distance  that  the 
spot  almost  filled  the  apparent  field  of  the  eye-piece,  to  see 
if  any  phenomena  could  be  observed  different  from  those 
seen  through  the  dark  glas& 

The  spot  was  at  once  seen  to  be  of  a  dark  blood  red;  but, 
thinking  this  perhaps  might  be  fix>m  the  strong  contrast  of 
colour,  he  attached  a  disc  of  plaster  of  Paris  to  the  telescope, 
and  projected  tiie  image  of  the  spot  on  it.  On  looking  at 
this  with  a  common  pocket  magnifier,  the  image  was 
observed  to  be  a  dark  blood  red,  although  the  observatoiy 
was  not  darkened,  and  the  disc  merely  shielded  from  the 
direct  rays  by  an  intervening  opaque  substance. 

If  these  observations  are  confijmed,  it  will  corroborate  the 
opinion  long  held  that  tiie  spots  are  not  black,  but  appear 
so  by  contrast,  and,  as  it  would  seem,  from  the  intervention 
of  the  coloured  glass. 

"  Brief  Notes  on  the  Mutations  of  Imponderable  Elements," 
by  J.  C.  Dtbb,  Esq.,  V.P. 

In  the  histoiy  of  speculative  science  we  have  seen  a  great 
many  learned  and  ingenious  theories  to  account  for  the 
?BOCBn)nrG«— Lrr.  4b  Phjl.  Sooiity— Vol.  VII.  No.  18.— Sioiioir,  1807-3* 
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varied  phenomena  presented  by  the  elements  that  evade  the 
direct  tests  of  weight  andmeasure-7-sueh  as  light,  electricity, 
and  magnetism,  andmore  especially  that  called  heat  or  caloric 
With  respect  to  the  nature  of  the  latter,  directly  conflicting 
views  have  been  taken  by  philosophers  of  eminence,  both 
ancient  and  modem,  in  expounding  the  causes  of  calorific 
phenomena,— on  the  one  hand  denying  and  on  the  other 
affirming  the  identity  or  reality  of  heat  as  a  natujul  element. 
Among  the  ancient  asserters  of  the  nonentity  doctrine,  we 
find  the  names  of  Boyle  and  his  followers;  and  in  modem 
times  those  of  Count  Rumford,  Sir  Humphry  Davy,  Dr. 
Joule,  and  many  others  of  less  eminence :  and  in  support  of 
the  material  nature  of  heat,  we  have  the  names  of  Boerhaave 
and  his  school,  and  in  later  times  those  of  Dr.  Black,  James 
Watt,  Sir  James  Leslie,  Dr.  Hulton,  Dr.  WiUiam  Henry,  and 
Dr.  Dalton,  with  others  of  note.  Without  here  discussing 
the  diverse  grounds  of  difference  on  the  questions  at  issue 
(having  elsewhere  dwelt  at  length  on  their  respective  bear- 
ings) I  proceed  to  explain  those  on  which  the  materiality 
of  heat  appears  to  rest,  and  whereon  the  entire  range  of 
phenomena  connected  with  the  imponderable  elements  may 
admit  of  rational  solutiona 

I  assume  the  existence  of  four  distinct  states  or  conditions 
of  heat,  and  which  are  thus  defined,  viz. — (1)  elemental  or 
neutral  heat,  (2)  latent  or  combined  heat,  (3)  sensible  or 
expanding  heat,  and  (4)  radiating  heat.  Of  the  two  last 
forms  little  need  be  said  beyond  what  is  directly  seen  in 
their  alternate  changes  into  and  out  of  the  other  forms  of 
heat  (explained  further  on).  The  existence  of  a  pervading 
mediimi  in  space  has  been  admitted  by  the  most  eminent 
physicists;  but  no  explanations  are  given  of  its  nature, 
except  that  of  its  elasticity,  nor  yet  of  what  are  the  rela- 
tions of  this  medium  to  those  of  light,  heat,  electricity,  and 
magnetism.  It  is  treated  as  a  pervading  "ether,"  or  "lu- 
minous ether,"  and  its  resistance  to  the  transit  of  light 


^h:f9}^k  ^JW^  hcts  l)ee^  e§tipated  and  ^yep  in  ^g^.^;  )^  «» 
profound  philosopher,  y^Oj  ^  ^esbiing  of  the  undulations  of 
^8^K  d^crib^  it  as  "  an  lejagtic  medium  pervading  all  spc^, 
not  eyen  ,excepting  ^hat  is  occupied  by  what  we  call 
npi^terial  ]bodies,  that  is,  such  as  have  w^ght  i|nd  whiph  to 
us  CQnsjbitute  the  visible  apd  tangible  universe  of  things." — 
(Sir  Jol^n  Herschel,  Bart.,  "  On  Light,"  in  Good  Wor^s,  for 
July,  1865.)  . 

In  the  works  of  Boerhaave  the  said  medium  is  described 
as  "  a  caloric  elenjijsnt,  aui  generiSy  pervading  all  space  and 
aU  bodies,  and  being  in  itself  of  the  nature  of  fire."  Thus 
"  a  pervading  element"  rests  on  very  high  authority,  both 
ancient  and  modem ;  and  it  is  of  the  nature  of  such  element, 
and  its  agency  in  natural  phenomena,  that  I  propose  to  treat, 
an<^  to  show  that  the  different  forms  of  imponderable  matter, 
as  light,  heat,  electricity,  and  magnetism,  are  all  essentially 
identical,  and  in  proof  of  this  we  must  look  to  their  reciprocal 
interchajUges  with  each  other,  whereby  their  common  origin, 
in  one  pervading  elemeut,  will  be  made  probable,  if  not  a 
physical  certainty. 

The  term  formerly  applied  to  this  pervading  element  was 
a  "  calid"  or  "  calorific"  element, — ^thus  conveying  the  idea 
of  active  fire  or  very  great  heat ;  but  they  do  not  accord  with, 
the  nature  or  properties  which  I  ascribe  to  such  pervading 
elecfient,  that  of  "  neutra^  pr  elemental  heat ;"  and  the  term 
latte;rly  employed  to  indicate  the  same  element  is  also 
inapplicable,  since  it  only  points  to  one  of  its  properties,  viz., 
elasticity.  I  have,  therefoi;e,  adopted  the  term  of  "  neutral 
heat,"  which  is  meant  to  convey  the  idea  or  notion  that  this 
elen^ent,  in  fiujt,  cpnstitutes  the  source,  or  fountain,  whence 
all  other  forms  of  ^eat  are  derived,  and  into  which  they 
alternately  returp.  This  i^eutral  element  is  everywhere  of 
equal  density,  by  reason  of  its  elastic  tension,  and  it  there- 
fore cannot  exert  or  possess  the  force  of  gravity  or  of  inertia, 
and  it  pust  remain  in  a  quj^cent  state,  except  in  cases 
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where  its  equilibrium  becomes  disturbed  by  external  forces, 
mechanical  or  chemical,  as  after  mentioned. 

Let  us  consider  the  nature  of  these  forces,  and,  first,  the 
vast  mechanical  forces  continually  acting  upon  this  medium 
by  the  earth's  orbital  passage  through  it.  As  the  earth 
advances  her  force  will  compress  the  medium  in  trout  of  her 
path,  but  its  equilibrium  must  be  instantly  restored  by  its 
reaction  in  her  wake.  This  reaction  explains  the  slight 
retarding  force  of  the  medium  on  the  periodic  motions  of  the 
planets.  Now,  the  disturbing  forces  of  these  orbital  move- 
ments, along  with  the  axial  rotation  of  the  earth,  serve  to 
generate  continuous  currents  in  the  medium,  and  which 
constitute  what  we  call  magnetism,  or  the  magnetic  currents, 
such  as  flow  from  the  central  action  in  the  earth's  path 
towards  the  north  and  south  polea  In  addition  to  the 
invisible  currents,  shown  by  the  magnetic  phenomena,  we 
may  fairly  assume  that  this  mechanical  action  of  the  earth 
generates  those  luminous  currents  in  the  mediimi  that  are 
known,  at  certain  seasons,  as  ground  lightning,  and  at  others 
as  auroras  or  corruscations  of  polar  lights. 

We  have  next  to  consider  the  frictional  action  of  the  sur- 
faces of  the  sun  and  earth  upon  that  portion  of  the  medium 
which  extends  in  a  right  line  between  the  sun  and  the  earth, 
and  which,  acting  at  the  ends  of  the  intervening  column, 
excites  the  medium  into  those  imdulations  or  vibrations  that 
act  on  our  senses,  and  give  the  impression  of  white  light 
when  seen  through  clear  air,  and  of  coloured  light  when  the 
undulations  are  disturbed  by  clouds  or  vapours.  But,  to 
receive  the  impressions,  we  must  be  within  the  intervening 
column,  or  near  it,  as  in  twilight.  Now,  although  this  medium 
is  only  perceptible  as  light,  yet  the  medium  itself  is  at  all 
times  present,  equally  in  the  night  and  in  dark  rooms  as  in 
daylight, — ^for  when  its  action  as  light  is  cut  off  by  opaque 
bodies,  still  the  ambient  element  continues  to  act  on  our 
feelings  and  bodies  as  sensible  heat,  and  this  in  different 
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degrees  of  temperature,  and  when  the  heat  is  intense  it 
becomes  visible  as  red,  or  white  heat  and  light.  The  duplex 
nature  of  light,  too,  is  shown  by  the  action  of  the  prism. 
In  the  spectrum,  where  an  increase  of  heat  appears  by- 
moving  the  thermometer  from  the  lightest  to  the  darkest 
or  red  rays,  and  a  still  higher  temperature  is  shown  when 
the  bulb  is  placed  just  outside  of  the  visible  spectrum, 
viz.,  in  the  dark  rays.  Thus  clearly  proving  that,  by  this  me- 
chanical action  on  transmitted  light  among  the  visible  rays, 
it  is  partially  converted  into  heat,  and  wholly  so  converted 
outside  of  the  spectrum  or  in  the  dark  rays.  We  find  also 
that  sensible  heat  obeys  the  same  laws  of  reflection  and 
refraction  that  govern  the  motions  of  light,  and  difiers  only 
in  the  transmission  through  opaque  or  transparent  bodie& 
Besides,  we  see  the  mechanical  action  of  the  lens  gives  direct 
proof  of  the  conversion  of  light  into  heat  by  the  simple  con- 
vergence of  its  rays  upon  a  point,  whereby  intense  heat  is 
produced.  The  plain  inference,  then,  is  that  an  element  thus 
alternately  exhibiting  both  the  mingled  and  separate  pheno- 
mena of  light  and  heat,  must  possess  identical  properties, 
and  that  those  several  conditions  of  it  are  to  be  ascribed  to 
the  mutations  of  one  element  when  subjected  to  the  said 
acting  forces.  The  facts  adduced  are  clearly  explained  on 
this  assumption,  viz. — of  the  identity  of  light  and  heat, 
whilst  they  present  a  strange  mass  of  anomalies,  if  viewed  as 
produced  X  by  the  movements  of  two  distinct  elements  in 
space. 

I  pass  from  mechanical  action  to  consider  the  chemical 
forces,  continually  acting  on  and  by  this  medium,  whereby 
its  mutations  are  effected,  and  among  these,  the  most  ex- 
tensive are  caused,  by  the  affinities  between  heat  and  water, 
Bs  shown  in  common  surfstce  evaporation.  Without  here 
dwelling  upon  the  diverse  doctrines  or  views,  of  late  enter- 
tained, respecting  the  nature  of  latent  or  specific  heat,  it 
will  suffice  to  state  the  following  facts,  viz. — ^that  212''  of 
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sensible  heat  are  required  to  raise  water  to  the  boiling  point, 
under  the  atmosphere,  and  then  to  convert  the  water  into 
steam,  540**  more,  sensible  heat,  are  absorbed — ^this  latter 
disappears,  as  sensible  heat,  (call  it  latent,  specific,  or  other- 
wise) but  when  the  steam  is  condensed  and  returns  to 
water,  then  the  same  94-0°  reappears  as  sensible  heat.  Now 
we  all  tnow  that  siich  absorption  and  redischarge  of  heat  is 
continually  taking  place,  in  the  eiraporation  from  the  earth's 
surfiice,  by  the  action  (rf  solar  heat.  This  heat  then  to  ihe 
extent,  at  least,  of  940°  becomes  latent  in  the  steam,  or 
rnvisible  aqueous  vapour,  at  the  surface,  and  the  same  heat 
is  again  given  out  in  the  uppier  air,  where  the  vapour  is 
condensed  into  clouds  or  fo^.  The  experiilients  and  esti- 
mates of  t)r.  Halley,  enable  us  in  some  degree  to  perceive 
the  stupendous  scale  of  the  daily  ascetit  of  water  in 
vapour,*  into  the  higher  regions  of  the  air,  tvhen  its  heat 
both  sensibte  and  latent,  is  eVolved.  Bttt  this  heat,  does 
riot  thisnce  return  to  the  earth,  as  sensible  heat,  becau^  the 
temperature  above  the  clouds  is  fdways  at  or  near  the 
freezing  point.  What  then  becomes  of  these  Vast  floods  of 
sensible  heat,  that  enter  the  vapour  at  the  surfece  aiid 
entirely  disappear  in  those  cold  regions  above  ?  l%e  plain 
answer  seenis  to  be  that  the  entii'e  heat,  so  ascending  and 
disappearing,  simply  passes  into  its  normal,  or  elemental 
form,  of  neutral  heat  On  this  view  of  the  mutations  of 
heat,  we  see  why  it  must  become  more  or  less  redundant  in 
the  upper  air,  according  to  the  varying  rates  of  evaporti^ioft 
These  mutations  of  heat,  will  ac<iount  for  its  becoming 
redundant,  or  of  higher  elastic  tension,  as  a  neutittl  elemeirt, 

•Dr.  Halley  (in  the  "PhUosophical  Transactions")  "has  shown  that 
iciorb  thaii  five  th'oosiknd  ttiillions  of  tonis  of  watcft',  ascefid,  in  Tapoar, 
dmfyy  from,  ihe  sur&ce  of  the  Mediteraneon  only."  Now  it  follows  that  a 
mighty  force  miist  he  exerted  in  raising  this  stupendous  weight  of  water,  (to 
the  height  of  some  thousand  feet)  against  the  force  of  gravity,  in  the  water, 
and  the  eUttftie  force  of  preMttre  by  the  air.  But  this  dvapoirating  lone  is 
solcify  due  **  to  the  known  relations  of  heat  and  water,"  and  is  (as  before  sud) 
a  chemical  force. 
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in  the  upper  air,  and  comparatively  deficient  near  the  earth, 
whereby  the  balance  of  tension,  or  its  equilibrium,  must 
become  more  or  less  disturbed  according  as  evaporation 
varies  at  the  surface.  In  this  way  such  continuous  fluxions 
of  heat  into  the  higher  regions,  and  its  redundant  state 
there,  generates  and  sustains  the  return  currents  of  the 
element  from  above  towards  the  lower  clouds  and  the 
earth,  which  elemental  movements  constitute  the  electrical 
cmrents,  such  as  are  shown  by  electrometers.  The 
diurnal  variations  of  these  currents  arise  from  the  differing 
rates  of  evaporation  in  the  day  and  night  The  ordinary 
course  of.  these  elemental  fluxions  apply  to  the  common  in* 
visible  currents,  but,  in  like  manner,  when  the  mutations 
are  excessive,  they  will  account  for  the  more  rapid  and 
violent  electrical  phenomena,  constituting  the  thunder 
storms  and  lightnings,  which  so  often  occur  within  the 
tropics,  and  sometimes  in  otir  latitudes  when  evaporation  is 
very  rapid.*  In  fine,  all  of  the  corruscations,  or  vivid 
transits  of  the  said  element  to  restore  its  disturbed  equi" 
librium  are  to  be  taken  as  constituting  what  we  call  the 
electrical  and  magnetic  currents — as  before  said.  Since  we 
find  that  mechanical  forces  are  exerted,  as  in  telegraphy, 
&c.,  both  by  the  electrical  and  magnetic  currents,  their 
materiality  is  clearly  proved,  for  such  action  can  only  be  by 
contact  of  natural  bodies ;  and  by  conjoint  action  they  are 
shown  to  be  merely  two  conditions  of  one  and  the  ssixae 
element,  just  as  the  mingled  and  alternate  action  of  light 
and  heat  show  them  to  be  but  two  forms  of  one  element. 
The  amounts  of  latent  heat  in  different  bodies  may  be  here 
passed  by,  but  one  other  case  of  latent  heat  in  acfheous 

*  "The  phenomena  of  aqueous  meteors,  such  as  rain,  fog,  and  dew 
depend  upon  the  known  relations  of  heat  and  water  ;  electricity  appean  to 
be  a  consequent,  rather  than  an  agent,  in  the  formation  and  decomposition 
of  clouds,  or  if  a  necessary  agent,  it  is  equally  so  in  the  boiling  of  water  in 
our  houses  or  the  drying  of  piece  goods  in  a  stoye.*' — Dalton:  Memoirs 
LUarmy  mmd  FkitogopMeal  Soeiefyy  toL  4,  2nd  seriea,  page  128. 
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vapour  should  be  noticed,  viz.  the  heat  evolved  in  respira- 
tion. Beneficent  nature  always  provides  for  her  own  wants 
in  excess.  The  carbonic  acid  formed  in  the  lungs  gives  out 
the  needAil  heat  to  keep  up  the  temperature  of  the  warm- 
blooded animals,  and  the  excess  of  heat  so  evolved  is  taken 
up  by  the  water  converted  into  steam  and  which  is  carried 
away  in  breathing.  Now,  if  the  whole  of  the  heat  so  ab- 
sorbed in  the  steam  were  to  remain  as  sensible  heat  in  it^ 
the  940''  held  latent  therein  would  at  once  produce  a  tem- 
perature quite  destructive  of  the  living  textures  and  would 
of  course  extinguish  life.  Thus  we  see  another  of  the 
sublime  laws  of  Providence  is  made  to  rest  on  these  muta- 
tations  of  the  imponderable  elements.  Little  need  here  be 
said  concerning  radiating  heat  as  apart  from  that  of  li^t^ 
yet  one  instance  may  be  cited,  viz.,  tiie  experiment  of  sus- 
pending a  thermometer  from  the  top  of  a  glass-receiver  on 
the  table  of  an  air-pump,  then  by  rapidly  drawing  out  the 
air  the  temperature  will  fall  to  or  near  the  freezing  point, 
but  the  mercury  will  again  slowly  rise  till  it  reaches  the 
temperature  of  the  room ;  but  as  the  thermometer  (attached 
by  a  non-conductor  of  heat)  is  quite  isolated  in  a  vacuum, 
how  can  the  heat  reach  and  re-enter  the  bulb,  except  it  be 
by  radiating  from  the  external  warm  air  through  the  glass 
and  the  vacuum,  and  thus  restoring  the  equal  temperature 
inside  and  outside  of  the  receiver.  This  process  is  of  the 
same  kind  as  that  of  heat  radiating  firom  a  common  fire-place 
to  warm  a  room. 

In  my  "Notes  on  Heat  in  Relation  to  Atmosjdierical 
phenomena^"  read  at  the  Society,  February  9th,  1853, 
besides  adducing  reason  for  assuming  that  all  electrical  and 
magnetical  phenomena  are  simple  consequences  of  the  muta- 
tions of  one  pervading  element,  I  have  therein  shown  how 
most  of  the  great  aerial  and  oceanic  currents  may  be  traced 
to  the  acting  forces  generated  by  the  mutations  of  heat, 
when  they  are  excited  in  conjunction  with  those  of  gravity. 
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Now,  since  all  philosophers  recognise  the  presence  every- 
where of  the  three  elements  of  light,  electricity,  and  mag- 
netism, as  also  the  &ct  of  their  reciprocal  interchanges  of 
form,  as  exhibited  in  phenomena ;  and  as  we  find,  abo,  the 
general  admission  of  "  an  elastic  ether"  in  space,  it  would 
seem  fer  more  in  harmony  with  "the  simplicity  of  nature's 
laws"  to  ascribe  those  known  forms  of  "the  imponderable 
elements"  to  the  mutations  of  one  than  to  the  existence^  in 
space,  of  four  distinct  elements.  I  have  accordingly  aimed 
to  show  that  each  of  the  known  conditions  of  imponderable 
matter  are  traceable  to  the  mutations  of  the  one  pervading 
element,  and,  for  the  reasons  before  stated,  I  call  this  ele- 
mental or  neutral  heat 

"Researches  on  Di-Methyl,"  by  Wm.  H.  Darling,  Dalton 
Scholar  in  the  Laboratory  of  Owens  Oblige.  Communicated 
by  Professor  H.  R  Roscoe,  PLD.,  F.RS. 

The  synthesis  of  carbon  compounds  forms  perhaps  the 
most  important  and  interesting  branch  of  modem  chemical 
enquiry.  The  most  recent  developments  of  these  sjmtheti- 
cal  processes  are  the  now  well  ascertained  facts  of  the  de- 
pendence of  the  chemical  properties  of  the  molecule,  upon 
the  position  of  the  individual  atoms  of  which  that  molecule 
is  built  up. 

Any  isomeric  modifications  of  the  saturated  monovalent 
compounds  containing  one  or  two  atoms  of  carbon  can  only 
be  explained  by  the  existence  of  a  difierence  between  the 
four  combining  powers  of  each  carbon  atom,  whilst  in  the 
tri-carbon  and  higher  series  isomerism  indicates  the  differ- 
ence in  the  power  of  combination  existing  between  the  end 
and  the  middle  carbon  atoms  of  the  chain. 

From  Frankland's  original  observations  concerning  the 
difference  between  the  action  of  chlorine  on  the  so-called 

di-methyl    q^>  obtained  by  the  electrolysis  of  an  alkaline 
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acetate,  and  on  the  hydride  of  ethyl     ^  f  ,  obtained  firom 

ethyl  compounds,  the  existence  of  a  diff»«nce  in  the  four 
combining  powers  of  a  carbon  atom  was  rendered  probabla 
The  subseqiientreseaJTches  of  Schorlemmer  have,  however, 
{ttoved  that  only  one  hydrocarbon  of  the  formula  G,£U  exists, 
inasmuch  as  he  succeeded  in  preparing  ethyl  chloride  fix>m 

the  hydrocarbon  di-methyl  p5'|,  obtained  by  the  electix)- 

lytic  decomposition  of  an  alkaline  acetate  (Proc,  R  Soc., 
XIIL,  225) ;  as  weU  as  fiom  ethyl  hydride,  obtained  fix>m 
etihyl  compounda — (J.  Ghemtu  Soc,  N.S.,  11.  262.) 

It  appeared  of  great  interest  to  repeat  this  synthesis,  aad 
to  prepare  the  chloride  in  larger  quantity,  from  which  to 
prepare  etiiyl  compounds  aiid  ascertain  their  chemical  and 
physical  properties. 

At  the  request  of  Mr.  Schorlemmer,  I  undertook  this 
investigation.  I  take  this  opportunity  to  ex{»-es6  my  thanks 
to  that  gentleman,  and  also  to  Professor  Boscoe  for  the  kind 
assistance  rendered  to  me  throughout  this  research. 

I  prepared  the  di-methyl  by  the  electroljrtic  decomposi- 
tion of  acetate  of  potash,  according  to  ihe  process  described 
by  Kolbe.  The  gas,  evolved  from  a  platinum  plate  con- 
tained in  a  porous  cell,  was  passed  first  through  a  solution 
of  caustic  potash,  to  absorb  the  carbonic  acid,  afterwards 
through  nordhaus^i  acid,  and  over  pumice  stone  moistened 
with  oil  of  vitariol,  to  free  it  from  a  trace  of  orzide  of  methyl 
or  hydrocarbon  absorbable  by  this  acid,  and  finally  through 
a  solution  of  caustic  potash,  to  absorb  acid  fumes,  aay  car- 
b<»uc  acid  which  had  escaped  the  first  wash  bottle,  or  traces 
of  sulphurous  add.  The  gas  thus  prepared  had  a  very 
slight  odour,  it  burnt  witii  a  ncm-luminous  flame. 

The  following  analysis  of  it  is  according  to  Bunsen's 
method : — 
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(1.)  Original  volame  of  Gas  (moist) 
(».)  After  addition  of  oxygen    „ 

(4.)       „    eiplosion                   „ 
(6.)      „    absorption  of  carbonic ") 
add  (dry)  j 

1 
Yolnme.      Prennre. 

Tempt. 
0. 

yd  ho. 
ProHiire. 

183-48 
888-41 
667-62 
606-88 

447-68 

0-1402 
0^919 
0-5221 
0-4691 

0-4166 

8-6 
8-0 
8-5 
9*2 

12-8 

24-94 
12700 
287-6 
224-7 

178-9 

Contraction     observed 02-80  calcidated  62-86 

Gkrbonio  add        60-80  „         49-68 

H7dn>genin two Tolnmee of gae found  6076  calculated  6000 

Carbon        „                „                 „      2-086  „          2000 

This  gas,  treated  with  an  equal  volume  of  chlorine,  was 
exposed  to  the  diffused  sun-light,  after  allowing  time  for 
the  two  gases  to  mix  until  nearly  colourless,  and  completed 
by  means  of  direct  sun-light  when  quite  colourless.  The 
bottle  was  opened  under  warm  water:  the  hydrochloric 
acid  was  absorbed  equal  to  half  the  capacity  of  the  bottle. 
The  remainder  of  the  gaseous  contents  not  absorbed  were 
displaced  by  warm  water  into  a  receiver,  in  which  a  few 
pieces  of  stick  potash  were  placed,  surrounded  by  a  freezing 
mixture  of  salt  and  ice — ^a  colourless,  volatile  liquid  was 
condensed.*  One  hundred  grammes  of  chloride  were  pre- 
pared by  the  repetition  of  this  process.  This  first  product 
was  separated  by  distillation  into  two  parts,  one  which 
distilled  below  30**  C,  and  the  other  above  30^  C.  On  still 
ftirther  fractionating  the  first  distillate,  a  portion  was  ob- 
tained boiling  at  11  -18'  C,  whose  Sp.  Gr.  was  0*9253  at 
0''  C.  Pierre  found  the  specific  gravity  of  ethyl  chloride  to 
be  0*9241  at  the  same  temperatura 

The  chloride  boiling  below  SO""  C.  gave,  on  heating  in 

*  If  the  gab  or  the  chlorine  was  not  pnre,  beiiig  mixed  with  air,  very  little 
or  no  liquid  wae  condensed,  being  carried  off  bj  the  oorrent.  The  same  was 
obserred  bj  Mr.  Sohorlemmer.  This  will  probably  aocoont  for  Frankland's 
obterraiion  that  no  liquid  was  condensed  at  — 18^  0. 
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sealed  tubes  with  acetate  of  potash  and  glacial  acetic  acid 
to  a  temperature  of  130° — 140''  C.  for  three  or  four  hours,  a 
volatile  firagrant  liquid,  having  the  characteristic  odour  of 
acetic  ether,  which,  after  drying  over  chloride  of  calcium 
and  magnesia,  boiled  at  74*0 — 75-5°  C.  Kopp  gives  the 
boiling  poiut  of  ethyl  acetate  at  74*3  under  a  pressure  of 
760  mm.  of  mercury. 

In  order  to  prepare  the  alcohol,  the  acetate  was  heated 
with  crystals  of  baryta  hydrate  in  sealed  tubes  for  one  or 
two  hours,  to  a  temperature  of  120"*  C. ;  after  cooling 
it  was  distilled,  and  the  distillate  treated  with  dry  car- 
bonate of  potash  until  it  separated  into  two  layers,  the 
upper  one  was  decanted  upon  fused  carbonate,  afterwords 
upon  anhydrous  baryta,  from  which  it  was  distilled,  when 
it  had  assumed  a  light  amber  colour.  It  began  to  boil  at 
781°  the  whole  coming  over  before  the  temperature  exceeded 
79*0°  C.  Kopp  gives  the  boiling  point  of  ethyl  alcohol  pre- 
pared by  fermentation  at  78*4°  C.  under  a  pressure  of  760 
mm.  mercury,  and  the  specific  gravity  at  0°  C.  as  0*8095 ; 
calculating  by  means  of  his  coe£Scient  of  expansion  the 
Sp.  Gr.  at  6°  C.  would  be  0*80446,  whilst  I  found  the  same 
to  be  0*80302  at  the  same  temperature. 

The  alcohol  thus  prepared  had  very  little  odour,  agreeing 
in  this  respect  with  the  observation  of  Meudelejeff  (ZeU- 
achrift  Chemie,  1865,  257^  though  the  specific  gravity  is 
slightly  higher  than  his  at  the  same  temperature  calculated 
fix)m  his  coefficient  of  expansion,  viz.  0'$0123. 

On  submitting  this  liquid  to  combustion  analysis  the  fol^ 
lowing  numbers  were  obtained. 

No.  1.  0*2834  grm.  of  liquid  gave  0*5357  grm.  of  car- 
bonic acid,  and  0*3314  grm.  of  water. 

No.  2.  0*5533  grm.  of  liquid  gave  10481  grm.  of  car- 
bonic add,  and  0*6480  grm.  of  water. 
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Peroengate  Oaloalatad  from  the 

No.  1.  No.  2.  fonnnla  O^H^O 

C    51-66 51-66 52-17 

H    12-99 13-02 13-04 

O    35-45 36-33 34-79 

10000  100-00  10000 

The  numbers  are  not  all  that  could  be  desired  when  com- 
pared with  the  calculated,  this  is  owing  to  the  difficulty  in 
burning  so  volatile  a  liquid,  and  to  the  small  quantities 
taken.  Dumas  and  Boullay  {Arya,  de  Chimic,  1827, 36,  299) 
state  that  in  order  to  obtain  agreeing  results  upwards  of  a 
grm,  of  liquid  was  necessary,  in  one  combustion  1-742  grms. 
were  used,  with  ether  a  still  greater  quantity  was  required. 
The  alcohol  stiU  remaining  in  the  carbonate  of  potash  and 
in  the  dilute  solution  was  separated  by  distillation,  this  dis- 
tillate was  oxidised  by  a  mixture  of  bichromate  of  potash 
and  sulphuric  acid,  when  the  characteristic  odour  of  alde- 
hyde was  recognised,  the  oxidation  was  continued  until  it 
had  disappeared,  on  distilling  to  diyness  an  acid  distillate 
was  obtained,  this  was  neutralised  with  pure  carbonate  of 
soda,  and  yielded  on  evaporation  needle-shaped  crystals  of 
acetate  of  soda;  the  mother  liquor  was  distilled  to  dryness 
with  sulphuric  acid,  the  distillate  neutralised  with  pure 
carbonate  of  silver,  filtered  and  boiled,  on  cooling  it  3delded 
colourless  transparent  flat  needles,  which,  after  drying  over 
sulphuric  acid,  gave  on  analysis  the  following  numbers. 

No.  1.     0-4142  gnn.  of  salt  gave  0.2663  grm-  of  metallic 

silver. 
No.  2.     0-5095  grm.  of  salt  gave  03274  grm.  of  metallic 

silver. 
No.  3.     0-3650  gnn.  of  salt  gave,  after  drying  at  lOO"*  C. 

in  a  water  bath  for  one  hour,  02349  grm-  of  metallic 

silver. 
No.  4.     0-2483  grm.  of  salt  gave,  after  drying  at  100°  C. 

in  a  water  bath  for  two  days,  0-1604  grm,  of  metallic 

silver. 


JKBtiTEfttiiw)  No.  1  gave  64*30  per  eent  of  silver. 
No.  2     „     64-25 
No.  3     „     64-36 
No.  4     „     64-60 

Calculated  from  the  formula  of  acetate  of  silver  ^^?  [  0 
yields  64*68  per  cent,  of  silver. 
T^iiat  portion  of  the  mixed  chlorides  which  distilled  above 
Sff"  C.  was  fractionated,  when  two-tiiirds  of  the  total  volume 
distilled  over  between  57^-59°  C.  The  specific  gravity  was 
found  to  be  1*198  at  6*5°  C.  Regnault  found  the  Sp.  Gr.  to 
be  1*174  at  IT"  C.  and  the  boiling  point  to  be  64°  C.  (Ann. 
Ch.  Phys.  [2]  LX?I.  355)*  Subjmitted  to  analysis  the  fol- 
lowing numbers  were  obtained. 

No.  1.    0*5206  grm.  gave  ,0*3691  grm.  pf  chlorina 

No.  2.     0*4491      „        „     0*3186    „ 

No.  3.     0*4292      „        „     after  drying  over  stick 

potash  for  (t  week,  0*3010  gnn.  of  chlorine. 
Per  centage  of  chlorine   found  by  No.  1,  70*89 

No.  2,  70*94 
No.  3,  71*76 

The  percentage  required  by  ttie  fwrmula^^9|  of  mono- 
chlorinated  ethyl  chloride  is  71*73. 

Hence  the  mono-chlorinated  ethyl  chloride  was  formed  in 
quantity  by  the  action  of  excess  of  chlorine  on  di-methyL 

Having  commenced  the  examination  of  the  di-methyl 
obtained,  1st  by  Frankland's  method  from  iodide  of  methyl 
and  zinc,  and  2nd  by  Schutzeuberg's  process,  I  hope  to 
communicate  the  results  to  the  Society. 

•  Beilftein  C4s^'  Okm»  Miirm*  V-  113-llOJ  haa  shoKn  tfaft  mono-ol^ori- 
nated  ethjl  chloride,  and  chloride  of  ethjleden,  obtained  by  action  on  alde- 
hyde with  perchloride  of  phosphoros,  are  identical,  the  boiling  point  of  the 
latter  aa  observed  by  Wurtz  ib  58-59,  and  the  specific  grariij  as  determined 
by  rQe^ther  i^  1*189  ,at  ^'3®  0.,  these  numbers  agree  with  those  I  found. 
Beilstein  remarks  that  the  higher  boiling  point  as  obserFed  by  Begnanlt  would 
result  from  the  presence  of  higher  chlorinated  prodoots. 


PHYSICAL  AND  MATHEMATICAL  SECTION. 
Annual  Meeting,  March  24th,  1868. 

K  W.  BiNNBY,  F.RS.,  F.G.S.,  Vice-President  of  the  Section 
in  the  Chair. 

The  following  (Gentlemen  were  elected  Officers  of  the 
Section  for  the  ensuing  year : — 

BOBERT  WORTHINGKTON,  F.R.A.S. 

E.  W.  BINNEY,  F.R.S.,  F.G.S. 
JOSEPH  BAXENDELL,  F.BJL.S. 

^rrasmrer. 
MB.  THOMAS  CABBICK. 

&.  V.  VBBNON,  P.R.AJB.,  F.Mil. 

"Results  of  Bain-Gauge  and  Anemometer  Observations 
made  at  Eccles,  near  Manchester,  during  the  year  1867,"  by 
Thomas  Mackebeth,  F.RA.S.,  F.M.S. 

The  following  amounts  of  rainfall  are  obtained  from  two 
gauges  3  feet  from  the  ground,  and  one  gauge  34  feet  from 
the  gronnd.  One  of  the  gauges  3  feet  from  the  ground  has 
a  round  receiver  lOin.  in  diameter,  the  other  has  a  5in. 
square  receiver;  the  edges  of  both  are  turned  inward. 
These  two  gauges  stand  close  to  each  other  on  the  same 
plane,  75  feet  from  my  house,  and  free  from  every  obstruc- 
tion. The  other  gauge  is  a  5in.  square  one  like  the  one 
near  the  ground.  It  is  4  feet  above  the  ridge  of  my  house, 
and  free  from  every  obstruction.  First  I  represent  the 
rainfall  for  1867,  as  measured  by  the  lOin.  gauge  3  feet 
above  the  ground  and  145  feet  above  the  sea.  This  I  have 
compared  with  the  average  fall  for  7  years  at  Eccles, 
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QoMTtariy  Ptttodi 

I 

1867. 

in 
Indies. 

▲▼enge 

of 
TTmos. 

DUteranooA. 

Qowtodr  Fttiod^ 

JYmn. 

1307. 

7Ye«i.' 

Days 
51 

46 

50 

62 

Daj8 
55 

86 
61 

^Janoaiy  

8-806 
2-690 
1-578 
4-508 
1-788 
1-860 
6-881 
1-628 
8-421 
4-100 
2159 
8-766 

2-600 
2-250 
2-575 
1-982 
2-224 
2-875 
8-810 
8*289 
8-927 
8-640 
8-885 
2-715 

+0-706-) 
+0-840  ] 
—1002) 
+2-521  -) 
—0-486 
—1-626  ) 
+2-021  -) 
—1-661  f 
-0-506) 
+0-660*) 
—1-226  1 
+1-051  ) 

7-426 

7-081 

10-526 

9-640 

-  FebmaiT 

7-469 

(.March 

7-641 
10-880 
10-025 

rApril    

:  Say ..::::.::: 

Oune 

C  July 

•  August 

(September   

rOotober    

iNoTember    

C  December    

208 

211 

Totala 

85-515 

34-672 

+0-848 

This  table  shows  that  the  rainfall  at  Eccles  has  been 
nearly  an  inch  in  excess  of  the  average  of  7  years.  The 
summer  months  from  May  to  September,  with  the  exception 
of  July,  had  a  fall  below  the  average.  The  wettest  months 
were  at  the  beginning  and  end  of  the  year.  According  to 
the  7  years  average  April  has  the  minimum,  and  September 
the  maximum  rainfSall  of  the  year.  The  next  table  shows 
the  monthly  amounts  that  fell  in  each  gauge,  and  the  num- 
ber of  miles  of  horizontal  movement  of  the  air. 
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34  feet  from 
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,„iOt 

Hoiiaontel 


otttieAir 
inmieiL 


January 

February  ., 
March    

June  

July  

August 

September.. 

October 

November . , 
December .. 


8-806 
2-590 
1-578 
4-508 
1-788 
1-850 
5-881 
1-628 
8-421 
4100 
2169 
8-766 


8-179 
2-547 
1-689 
4-582 
1-745 
1-812 
5-297 
1-512 
3-820 
4-081 
2070 
8-695 


2-558 
1-775 
1-120 
4-028 
1-708 
1-206 
4-711 
1-801 
2-846 
8-626 
1-966 
8-838 


5,896 
6,884 
6,884 
6,867 
6,187 
8,817 
8,677 
1,744 


8,871 
8,018 
4,121 


Totals 85-515 


34-829 


80-067 


62,755 


This  table  shows  that  the  greatest  horizontal  movement 
of  the  air  happens  in  the  winter  months,  or  rather  firom 
December  to  April;  and  as  the  rainfall  appearo  to  ^^V^^«f^ 
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frott  IteoembMr  to  April,  i%  might  be  expected  that  the 
moffmaaat  of  the  «lr  and  the  £idl  of  ladn  afaould  foe  Hn 
unyecte  of  eadb  otbar.  Tet  from  the  obserrotioiM  of  both, 
whieh  I  have,  it  ^ppeevs  that  an  esceee  of  imdy  weather 
in  any  month  of  the  year  is  nearly  always  attended  wi^ 
an  excess  of  lainfEdL 

TABLE 
fliidwing  the  veltttif^  pioportioa  oi  the  winds  for  «ach  month  rednoed  to 
the fi»ar  ourdinal  poiirtc,  the  number  of  di^  on ivhiohrm  t^  togeUier 
with  the  ayerage  amount  reoeiyed  in  each  gauge. 
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8 

9 

6 
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12 

12 

9 

10 

7 
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11 
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6 

15 
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9 
4 
6 
8 
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10 
12 

0183 
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0081 
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10 

9 
19 
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76 

61 
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211  '     0-172   1 

0-168 

0^146 

TABLE 
Showing  Che  arerage  daily  &11  in  each  kind  of  sauge,  when  the  Telocity  of  the 
wind  haa  ranged  between  the  number  of  miks  indicated  in  the  first  column. 
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This  table  shows  that  rainy  days  are  most  numeroua, 
with  a  proportionate  amount  of  rainfisJl,  when  the  hcai- 
zontal  movement  of  the  air,  at  34  feet  above  the  ground,  is 
about  five  miles  per  hour#  But  the  number  of  wet  days 
diminishes  as  the  hourly  movement  of  the  air  increases, 
though  the  heaviest  falls  of  rain  happen  as  the  movement 
of  the  air  increases  to  an  average  ranging  from  8  to  12 
miles  per  hour.  The  mean  difference  of  the  rainfeU,  S4s  feet 
and  3  feet  from  the  ground,  is  *032  inch.  This  difference  is 
decreased  to  its  minimum  in  calm  weather,  and  increases  to 
its  ma.ximum  when  the  horizontal  movement  of  the  air  at 
34  feet  above  the  ground  is  about  16  miles  per  hour. 

In  May  last  I  commenced  to  measure  the  amount  of  rain- 
fall twice  in  24  hours.  The  results  of  these  measures  I 
represent  in  the  following  table. 
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May  

June , 

July  

August  .... 
Septomber 
October... 
Noyember 
December . 


nftlnff^ll 

BalnteU      i 

Crom 

from 

8a.m.  to  SpLin. 

8p.m.  to  8*.m. 

In. 

In. 

0-932 

0-856 

0748 

0-602 

8-354 

1-977 

0*779 

0-849 

2-740 

1-681 

2-091 

2009 

1-281 

0-878 

1-775 

1-991 

Diffarawe 
between  the  Sttjr 


—0-076 
—0-146 
—1-877 
+0*070 
—1-069 

— Q-oe2 

—0-403 
+0-216 
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Annual  Meeting,  April  28th,  1868. 

Edwabd  Schunck,  Ph.D.,  F.RS.,  &c.,  President,  in  the 
Chair. 


Professor  John  Tyndall,  LL.D.,  F.RS.;  Professor  Peter 
Guthrie  Tait,  M.A.,  F.RS.E.;  ^nd  Charles  Darwin,  Esq., 
M.A.,  F.RS.,  were  elected  Honorary  Members  of  the  So- 
ciety. 

The  following  Report  of  the  Council  was  read  by  one  of 
the  Secretaries :  — 

The  Council  have  again  the  satisfaction  to  report  that  the 
Society's  finances  continue  in  a  healthy  condition,  the  gene- 
ral balance  of  the  Treasurer's  account  on  the  1st  of  April, 
1868,  being  £267  19s.  2d.,  against  £250  2s.  Id.  on  the  1st 
of  April,  1867. 

The  number  of  ordinary  members  on  the  roll  of  the  So- 
ciety on  the  1st  of  April,  1867,  was  180,  and  four  new  mem- 
bers have  since  been  elected.  The  losses  have  been  by 
death,  four;  by  resignations,  four ;  and  defaulters,  two.  The 
number  of  members  on  the  roll  on  the  1st  of  April,  1868, 
was  174.  The  deceased  members  are,  Mr.  John  Clowes 
Orundy,  Mr.  James  Aspinall  Turner,  Mr.  Thomas  Heelis, 
F.RA.S.,  and  Mr.  Henry  Houldsworth. 

Mr.  Turner  held  a  high  place  among  the  principal  mer- 
chants and  manufacturers  of  Manchester,  and  was  twice 
chosen  by  his  fellow  citizens  (in  1857  and  1859)  to  repre- 
PBOcnpnree^LiT.  &Phil.  jSoodtt.— Vol.  YII.—No.  14— Swnoir  1867-6. 
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sent  them  in  parliament,  which  he  continued  to  do  till  1865. 
It  may  be  mentioned  that  he  was  the  nephew  of  the  Bev. 
William  Turner,  who  was  an  honorary  member  of  the  Lite- 
rary and  Philosophical  Society  for  many  years,  and  whom 
he  alwajrs  held  in  the  greatest  reverence.  While  actively 
engaged  in  business,  and  holding  several  public  offices,  such 
as  that  of  Chairman  of  the  Manchester  Commercial  Asso- 
ciation, President  of  the  Natural  History  Society,  and  Chair- 
man of  Manchester  New  College,  he  yet  found  time  to 
cultivate  his  strong  taste  for  natural  history,  and  was  no 
mean  proficient  in  certain  branches  of  entomology  and 
botany,  and  had  expended  a  large  amount  boUi  of  time  and 
money  in  forming  collections  illustrative  of  these  subjects. 

Mr.  Heelis  was  elected  a  member  of  the  Society  on  the 
19th  of  April,  1859,  and  for  three  years  filled  the  office  of 
secretary  of  the  Physical  and  Mathematical  Section.  He 
was  a  very  intelligent  and  accurate  observer,  and  in  the 
course  of  several  voyages  during  which  he  visited  India, 
China,  the  Cape  of  Good  Hope,  North  America,  and  the 
coasts  of  the  Mediterranean,  he  accumtdated  a  large  mass 
of  valuable  observations,  some  of  the  results  of  which  were 
given  to  the  Society  in  the  following  papers  and  communi- 
cations :  —  ^ 

November  \Oth^  1859. — "On  Storms,  with  some  attempt  to 
ascertain  their  tracks  in  the  Deighbourhood  of  the  British  Islands, 
and  their  analogy  to  other  Cosmical  Phenomena." 

Jantiaiy  5th,  I860.—"  On'R.  Bohun's  old  work  *  On  the  Origin 
and  Nature  of  Wind,'  published  at  Oxford  in  1671." 

April  26thy  I860.— "On  the  Observations  of  the  Sun  made 
by  Hevelius  in  the  years  1642-3." 

November  Ithy  1861. — Observation  of  the  Zodiacal  Light  at 
Smyrna,  September  13th,  1861. 

March  18<A,  1862.—"  On  Abnormal  Trade  Winds." 

November  Uih,  1862.— "Notes  of  Observations  on  ri  AigAs." 
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Nopember  13<A,  1862.  —  **Hydroinetric  Observations  of  tiie 
Water  of  the  Mediterranean." 

January  27^,  1863. — "On  Swell  observed  at  Sea,  particularly 
in  the  Regions  of  the  South-East  Trade  Wind" 

April  2nd,  1863.— "Notes  of  Observations  of  the  Speed  and 
Order  of  Succession  in  Magnitude  of  Waves  observed  in  Gales  of 
Wmd  oflf  the  Cape  of  Good  Hope." 

Octobtr  I5th,  1863.— "On  Fog  in  the  Mediterranean." 

November  \2thy  1863.— "On  a  Meteor  seen  by  DayHght." 

January  12<A,  1865. — Account  of  a  Fireball  seen  December 
13th,  1864. 

October  31</,  1865. — "On  a  Coal  Basin  between  Mount  Olympus 
and  the  Bay  of  Oraniska." 

December  1th,  1865.— "On  Meteors." 

December  Wth,  1866.— "On  Cautionary  Storm  Warnings." 

December  26<A,  1866. — "On  some  recent  Observations  on  the 
Specific  Gravity  of  Sea  Water." 

Mr.  Houldsworth  was  bom  in  Nottinghamshire,  on  the  4th 
of  Jnne,  1797.  His  father  had  much  mechanical  taste  and 
knowledge,  and  at  the  time  of  his  eldest  son's  birth  (the 
late  Hemy  Houldsworth)  he  waa  engaged  in  developing  the 
spinning  mule,  and,  aa  afterwards  turned  out,  in  laying  the 
foundation  of  the  cotton  spinning  concern  of  Thomas 
Houldsworth  and  Co.,  with  which  his  son  subsequentiy 
became  closely  connected.  The  late  Henry  Houldsworth, 
though  bom  in  Nottin^iamshire,  was  educated  chiefly  in 
Glasgow  (at  which  place  his  father,  shortly  after  the  year 
1800,  went  to  reside).  He  was  a  student  in  Glasgow 
University,  and  about  the  year  1818  showed  his  love 
of  science  and  his  powers  of  invention  by  publishing 
in  the  Journal  of  Arts  the  first  idea  of  a  gas  meter. 
In  1822  he  came  to  live  permanently  in  Manchester,  and 
joined  his  unde  Thomaa  Houldsworth  in  the  cotton  spin- 
ning business.  From  that  year  till  about  1835,  when  he 
became  interested  in  railways,  he  was  continuously  engaged 
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in  experimenting  upon  and  improving  every  process  in  fine 
cotton  spinning,  and  in  every  department  he  produced  im- 
provements, some  of  which  are  in  use  to  this  day,  while 
others  have  been  superseded.  Most  of  these  are  only  of 
interest  to  those  engaged  in  the  business  with  which  they 
are  connected.  But  some,  such  as  *'  the  differential  motion" 
(described  to  the  Society  already  by  Mr.  Dyer),  various 
applications  to  spinning  mules,  and  his  improvements  upon 
Heilman*s  combing  machine,  have  probably  some  interest  in 
a  scientific  point  of  view,  as  exhibiting  the  thorough  know- 
ledge of  mechanical  principles  which  he  undoubtedly  pos- 
sessed, as  well  as  an  aptitude  for  invention  which  was  very 
remarkable,  all  the  more  because  it  was  generally  applied  to 
what  were  comparatively  trivial  subjecta  He  made  very 
extensive  experiments  in  smoke  burning  and  in  raising 
steam  economically.  He  also  improved  considerably  Heil- 
man's  embroidery  machine,  and  during  the  last  few  years 
of  his  life,  when  he  retired  from  Manchester,  he  introduced 
several  important  improvements  in  the  construction  and 
adaptation  (especially  to  stiff  lands)  of  the  steam  plougL 
This  is  a  general  summary  of  the  results  of  a  life  extending 
over  70  years,  more  marked  by  constant,  conscientious  in- 
dustry and  love  of  knowledge  and  improvement  than  by 
any  great  achievement. 

The  following  papers  and  communications  have  been  read 
at  the  ordinary  and  sectional  meetings  of  the  Society  during 
the  present  session :  — 

October  1st,  1867.— "On  Sections  of  Volkmannia,"  by  K  W. 
Binney,  F.RS.,  F.G.S. 

October  Itt^  1867.—"  On  the  Portraits  of  Sir  Isaac  Newton," 
by  Samuel  Crompton,  M.D. 

October*  Isty  1867. — "On  Pholas  holes  in  the  Limestone  Rock  ou 
Grin  Edge,  near  Buxton,"  by  R.  D.  Darbishke,  RA.,  F.G.S. 

October  7th,  1867.— "On  Silk-produciug  Worms  from  Natal," 
by  Mr.  A.  G.  Latham. 


187 

October  15^,  1867. — "  Note  on  the  Ooourrence  of  Sulphocyanide 
of  Ammonium  in  Gas  Mains,"  by  Mr.  Peter  Hart 

October  \bih,  1867. — '' Jupiter,  as  observed  at  Ardwiok,  on  the 
night  of  August  2l8t,  1867,"  by  J.  B.  Dancer,  F.R.A.S. 

Oetobef'  15<A,  1867. — "Notes  on  some  Superficial  Deposits  at 
Great  Orme's  Head,  and  the  Period  of  its  Elevation,"  by  Bf  D. 
Darbishire,  B.A.,  F.G.S. 

Nomnher  4«4,  1867.—"  Note  on  the  Ship-Bamacle,"  by  Mr.  J. 
Sidebotham. 

November  7th,  1867. — "Note  on  the  Colour  of  the  Moon  during 
Eclipses,"  by  A.  Brothers,  F.R.A.S. 

November  \2th,  1867.— "On  the  Posidonian  Schists  of  the  Isle 
of  Man,"  by  K  W.  Binney,  F.RS.,  F.G.S. 

November  \2ih,  1867.— "On  Exhibitions  on  the  Continent,"  by 
R.  Angus  Smith,  Ph.D.,  F.R.S. 

November  26^,  1867. — "On  a  Thermometer  unaflTected  by 
Kadiation,"  by  J.  P.  Joule,  LL.D.,  F.RS.,  &c. 

November  26^,  1867.— "On  Solar  Radiation,"  by  J.  Baxendell, 
F.RA.S. 

November  26<^,  1867. — "Solar  Radiation  Observations  made  at 
Old  Trafford,  Manchester,"  by  G.  V.  Vernon,  F.RA.S.,  F.M.S. 

November  26tA,  1867. — "A  Comparison  of  Solar  Radiation  on 
the  Grass,  and  at  Six  Feet  from  the  Ground,"  by  Thomas 
Mackereth,  F.RA.S.,  F.M.S. 

December  2nd,  1867. — "On  Plants  appearing  in  successive  yeard 
on  land  prepared  for  Plantations  in  Cheshire,"  by  Mr.  H.  A.  Hurst 
and  Mr.  George  Carter. 

December  lOth,  1867.— "On  the  Age  of  the  Heematite  Iron 
Deposits  of  Fumess,"  by  R  W.  Bmney,  F.RS.,  F.G.S. 

December  2ith,  1867.  —"Memorandum  on  the  Evaluation  of 
Integrals,"  by  the  Hon,  Chief  Justice  Cockle,  F.RS.,  Ac.,  of 
Queensland.    Communicated  by  the  Rev.  Professor  Harley,  F.RS. 

December  24</*,  1867. — "  On  some  Points  in  the  Restoration  of 
Euclid's  Porisms,"  by  T.  T.  Wilkinson,  F.RA.S.,  Corresponding 
Member  of  the  Society. 

December  2ith,  1867.— "On  the  Examination  of  Water  for 
Organic  Matter,"  by  R  Angus  Smith,  Ph.D.,  F.RS. 
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Deoember  Slst,  1867.— '<  Solar  Radiation  Obeervations  made  at 
Ecoles,  near  Manchester^''  by  Thomas  Mackereth,  F.R.A.S.,  F.M.S. 

January  7th,  1868.—''  Variable  Spot  on  the  Moon's  Surface," 
by  W.  R.  Birt,  F.R.A.S.     Communicated  by  J.  Baxendell,  F.R.A-S. 

January  Ithy  1868. — ''  On  Pholas  Borings,  as  described  in  Mr. 
Ohfl&les  P.  Joplmg's  Sketch  of  Fumess  and  Cartmel,"  by  £.  W. 
Binney,  F.RS.,  F.G.S. 

January  7thy  1868. — ''On  a  Method  of  determining  Uie  Abso- 
lute Horizontal  Intensity  of  the  Earth's  Magnetism,"  by  J.  P. 
Joule,  LL.D.,  F.R.S.,  &o. 

January  7thy  1868. — "On  the  Examination  of  Water  for  Organic 
Matter,"  Part  XL,  by  R.  Angus  Smith,  PkD.,  F.RS. 

January  2l8t,  1868, — "Notes  on  Some  of  the  Rarer  Plants 
found  near  Llandudno,"  by  Mr.  J.  Sidebotham. 

January  2lsty  1868. — "  Some  Remarks  on  Oiystals  containing 
Fluid,"  by  J.  B.  Dancer,  F.fe.A.S. 

January  28f4,  1868.— "On  Solar  Radiation,"  Part  XL,  by  J. 
Baxendell,  F.RA.S. 

February  ith,  1868.— "On  some  Constituents  of  Cotton  Fibre," 
by  R  Schunck,  PhD.,  F.RS.,  <&c.,  President  of  the  Sociel^. 

February  24^,  1868. — "Remarks  on  Molecular  Activity  as 
shown  under  the  Microscope,"  by  J.  R  Dancer,  F.RAS. 

February  25th,  1868.—"  On  the  Aurora  BoreaUs  as  a  Weather 
Ihxjgnostic,"  by  Mr.  Thomas  Qgilvy.  Communicated  by  Murray 
Gladstone,  F.RAS. 

February  25ih^  1868. — "On  the  supposed  Influence  of  the 
Moon  on  the  Temperature  of  the  Atmosphere  near  the  Suiiaoe  of 
the  Earth,"  by  J.  Baxendell,  F.RAS. 

February  25th,  1868.— "On  iha  Ramfell  at  Old  Traffbid,  Man- 
Chester,  during  the  year  1867,"  bty  G.  V.  Vernon,  F.RAS.,  F.M.S. 

March  Zrd,  1868.— '*  On  the  Lunar  Crater  Xinn^"  by  Herr  J. 
F.  J.  Schmidt.     Communicated  by  J.  R  Dancer,  F.RAS. 

March  drd,  1868.— "Bnef  Notes  on  the  Laws  of  Physical 
Force,"  by  Mr.  J.  C.  Dyer,  V.P. 

March  17 th,  1868.—"  Au  Original  X^etter  of  the  late  Sir  Winter 
Scott"     Communicated  by  E.  W.  Binney,  F.Ra,  F.G.S. 

March  17th,  1868.— "Note  on  an  'Esaay  on  the  Bemla^m  of 
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Algebraic  Equations,  by  the  late  Judge  Hai^greave,  LL.D.,  F.R.S./  " 
bj  the  Rev.  Thomas  P.  Kirkman,  M.A.,  F.R.S.,  Hon.  Member 
of  the  Society. 

March  17 th,  1868.—"  On  the  Origin  of  Colour  and  the  Theory 
of  Light,"  Part  II.,  by  J.  Smith,  M.A.,  Perth  Academy. 

March  2ithf  1868. — "Results  of  Rain  gauge  and  Anemometer 
Observations  at  Eccles,  during  the  year  1867,"  by  Thomas 
Mackereth,  F.R.A.S.,  F.M.S. 

March  31«<,  1868.—"  On  the  Solution  of  Algebraic  Equations," 
by  the  Rev.  Thomas  P.  Kirkman,  M.A.,  F.R.S.,  Hon.  Member  of 
the  Society. 

March  31st,  1868.— "Description  of  a  Dolerite  at  Gleaston,  in 
Low  Fumess,"  by  E.  W.  Binney,  F.RS.,  F.G.S. 

March  31</,  1868. — "A  Search  for  Sohd  Bodies  in  the  Atmos- 
phere," by  R.  Angus  Smith,  Ph.D.,  F.RS. 

March  Slst,  1868. — "Microscopical  Examination  of  the  Solid 
Particles  from  the  Air  of  Manchester,"  by  J.  B.  Dancer,  F.R.A.S. 

April  Hthy  1868.—"  Brief  Notes  on  the  Mutations  of  Impon- 
derable Elements,"  by  Mr.  J.  C.  Dyer,  V.P. 

April  Uth,  1868.—"  Researches  on  Di-Methyl,"  by  Mr.  W.  H. 
Darling,  Dalton  Scholar  in  the  Laboratory  of  Owens  College. 
Communicated  by  Professor  H.  K  Roscoe,  Ph.D.,  F.RS. 

The  printing  of  the  third  volume,  third  series,  of  the  So- 
ciety's Memoirs,  containing  papers  read  during  the  sessions 
1864-5,  1865-6,  and  1866-7,  has  been  completed;  and  a  new 
volume  has  been  commenced.  Many  of  the  papers  in  the 
above  list  will  appear  in  this  volume. 

The  Sections  have  again  contributed  several  interesting 
and  important  papers  and  communications  to  the  Society's 
Memoirs  and  Proceedings ;  and  as  the  system  of  admitting 
Sectional  Associates  continues  to  work  satisfiictorily,  the 
Council  have  decided  to  recommend  its  renewal  for  the 
ensuing  year. 

The  Librarian  repoits  that  the  Society  continues  to  receive 
the  various  publications  of  the  Associations  in  correspond- 
ence with  the  Society.     The  number  of  learned  bodies,  &c., 
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now  exchanging  their  memoirs,  &a,  with  this  Society  is 
272,  196  of  which  are  Foreign,  and  76  are  British;  this  is 
an  increase  of  16  upon  the  number  at  the  corresponding 
period  in  1867. 

The  binding  of  the  works  in  the  Library  is  making  satis- 
factory progress,  421  volumes  having  been  bound  during  the 
last  few  months,  and  there  are  as  many  more  in  progress. 

The  following  journals,  &c.,  are  regularly  purchased  by 
the  Society : — 

The  London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 

The  Annals  and  Magazine  of  Natural  History. 

The  Quarterly  Journal  of  Science. 

The  Zoologist. 

The  Publications  of  the  Palsdontographical  Society. 

„  „  „       Ray  Society. 

„  „  „      Cavendish  Society. 

The  Quarterly  Journal  of  Pure  and  Applied  Mathematics. 
Qenera  plantarum,  par  G.  Bentham  et  J.  D.  Hooker. 
Lee  Mondes:    revue  hebdomadaire  des  soienoes,  par  M.   FAbb^ 

MoigDo. 
Journal  de  TEcole  Imp6riale  Polytechnique. 
Les  Annales  de  Ohimie  et  de  Physique. 
Lee  Annales  des  Sciences  Naturelles;  Zoologie  et  Botanique. 
Le  Journal  de  Pharmacie  et  de  Ghimie. 
Les  Archives  des  Sciences  Physiques  et  Naturelles.* 
Prodromus  systematis  universalis  regni  v^etabilis,  par  Alphonso 

de  Candolle. 
Die  Astronomische  Nachrichten. 
Die  Annalen  der  Physik  nnd  Chemie. 
Die  Annalen  der  Chemie  und  Pharmacie. 
Die  Journal  fiir  die  reigne  und  angewandte  Mathematik. 
Neues  Jahrbuoh  fur  Mineralogie,  Qeologie,  und  PalsBontologie. 
Die  Zeitschrifb  fur  wissenschaftliohe  Zoologie. 
Allgemeine  Encyklopadie  der  Physik 
Astronomische  Beobaohtungen  zu  Bonn. 
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On  the  motion  of  Mr.  W.  B.  Johnson,  seconded  by  Mr. 
H.  Wtlds,  the  Annual  Report  was  unanimously  adopted. 

On  the  motion  of  Mr.  Brothers,  seconded  by  Mr.  Binnby, 
it  was  resolved  unanimously  — "  That  the  system  of  electing 
Sectional  Associates  be  continued  during  the  ensuing  ses- 
sion." 

The  following  gentlemen  were  elected  officers  of  the  So- 
ciety for  the  ensuing  year :  — 

fresilrjeni 

JAMES  PRESOOTT  JOXTLB,  LL.D.,  F.R.S.,  F.O.S.,  fto. 

EDWARD  SOHUNOK,  Ph.D.,  F.R.S.,  P.CJ3. 
ROBERT  ANGHJS  SMITH,  Ph.D.,  P.R.S.,  P.O.S. 
EDWARD  WILLIAM  BINNEY,  P.RJ3.,  F.aS. 
JOSEPH  OHBSBOROUaH  DTER. 

HENRY  ENPTBLD  ROSOOE,  B.A.,  Pk.D.,  F.R.S. 
JOSEPH  BAXENDELL,  F.RJLS. 

%XtMWCtX. 
ROBERT  WORTHINOTON,  F.R.A.S. 

JfxbtKXVBin. 
CHARLES  BAILEY. 

•f  tfrt  €onxuxl 

REV.  WILLIAM  GhASEELL,  M.A. 

PETER  SPENCE,  F.S.A.,  F.0.8. 

OEORaE  YENABLES  VERNON,  F.R.A.S..  F.M.S. 

JOHN  BENJAMIN  DANGER,  FJLA.S. 

WILLIAM  JACK,  M.A. 

WHiUAM  LESSON  DICKINSON. 
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The  following  letter  from  Sir  John  F.  W.  Herschel,  Bftrt, 
KA.,  F.RS.,  &c.,  dated  CoUingwood,  April  28th,  1868,  was 
read:  — 

I  am  so  accustomed  to  see  passages  from  my  own  writings 
cited  in  direct  opposition  to  their  literal  meaning  and  in 
support  of  views  directly  adverse  to  those  entertained  by 
myself,  and  which  they  were  written  to  explain  or  to  advo- 
cate, that  I  should  hardly  have  thought  it  worth  while  to 
notice  one  more  instance  of  the  kind  in  the  paper  read  at 
the  meeting  of  the  Phil  and  Lit.  Society  on  the  14th  inst. 
by  Mr.  J.  C.  Dyer,  but  for  a  general  impression  of  the  inex- 
pediency of  silence  on  such  occasions.  I  allude  to  his  state- 
ment that  in  treating  of  the  undulations  of  light  I  have 
somewhere  or  other  estimated  and  given  in  figures  the 
amount  of  "*  resi3tance  to  the  transit  of  Ught  through  space" 
of  what  he  terms  the  "  liuninous  ether,"  (the  double  commas 
in  this  last  case  being  his  own) — meaning,  1  suppose,  the 
luminiferous  ether — a  distinction  ever  by  myself  most  care- 
fully attended  to.  This  is  very  much  as  if  one  should  speak 
of  the  resistance  of  air  to  the  propagation  of  sound — of  steam 
power  to  the  conveyance  of  information  by  mail-train  or  of 
electricity  to  its  conveyance  by  telegraph — or  of  the  resist- 
ance of  gunpowder  to  the  propulsion  of  a  cannon  balL  It 
is  true  that  in  the  article  cited  I  have  endeavoured  to  esti- 
mate and  to  state  in  figures  the  intensity  of  the  elastic  forces 
effective  in  the  propagation  of  light — ^but  assuredly  I  never 
expected  to  see  this  construed  (if  that  be  the  estimate 
referred  to)  into  the  exact  opposite  of  what  it  obviously 
means. 

If,  on  the  other  hand,  Mr.  Dyer  should  have  had  in  view 
any  passage  in  any  other  of  my  writings  in  which  I  may 
have  spoken  of  the  doctrine  of  the  imperfect  transparency 
of  the  celestial  spaces,  propounded  (if  I  mistake  not)  by 
Olbers;  I  may  be  allowed  to  explain  once  for  aJl^  that  I 
never  advocated  that  doctrine  and  do  not  believe  in  it. 


194 

Mr.  Dancer  exhibited  some  interesting  specimens  of 
American  photography,  lent  by  Thomas  Higgins,  Esq.,  of 
Liverpool  One  of  these  pictures  represented  a  portion 
of  the  valve  of  the  Diatom  Pleimtsigma  angulatnm. 
This  object  has  on  its  surface  striae  estimated  at  62,000  in 
the  inch.  This  was  magnified  2,344  diameters  by  one  of 
Powell  and  Lealand's  objectives  of  l-50th  of  an  inch. 
Another  of  the  same  object  was  magnified  2,540  diameters 
with  one  of  Wale's  l-8th  objective  with  amplifier.  Another 
picture  exhibited  these  photographs  enlarged  to  19,050 
diameters.  Notwithstanding  the  immense  magnifying 
power  employed,  these  photographs  were  remarkably  sharp 
and  distinct.  Some  of  the  other  photographs  exhibited 
magnified  portions  of  the  Podura  scale.  These  photographs 
were  taken  by  Brevet-Major  Curtis,  of  the  TJ.SA. 


''Notes  on  some  of  the  Characteristic  Plants  of  the  Channel 
Islands,"  by  Charlis  Bailky,  Esq. 

Two  visits  to  the  Channel  Islands,  made  in  July,  1868, 
and  August,  1867,  enable  me  to  record  additional  localities 
for  some  of  the  species,  as  well  as  exhibit  others  which  have 
not  hitherto  been  included  in  the  flora  of  the  Islanda 

Ranvvmculua  peUatu8,  Fries,  var.  a,  wZgcms,  KB.  A 
dwarf  form  of  this  plant  occurs  on  L'Ancrene  Common, 
Ouemsey,  and  in  marshy  ground  at  the  eastern  end  of  St 
Brelade's  Bay,  Jersey. 

jR.  Flamm/ida,  L.  var.  /3,  paevdo-reptcms,  E.  B.  St 
Saviour's  Valley,  Jersey. 

R.  opkioglonifolius,  Vill.  I  exhibit  the  foliage  only,  for 
though  this  species  is  very  abundant  in  St  Peter's  Marsh, 
Jersey,  the  peculiar  tenure  on  which  the  marsh  is  held 
causes  it  to  be  mown  as  smooth  as  a  bowling  green  early  in 
the  year. 
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Matthiola  smuata,  R.  Br.  A  few  seedlings  from  St.  Bre- 
lade's  Bay,  Jersey;  but  the  fine  specimens  in  the  room, 
showing  the  muricated  glandidar  pod3,  were  gathered  in  the 
neighbourhood  of  St.  Owen's  Pond,  where  the  plant  is  abun- 
dant. 

Brcmica  adprena,  Bois.  Plentiful  on  the  western  shore 
of  Jersey. 

jB.  tenuifolia,  Bois.  Common  in  Jersey,  though  not 
included  in  the  lists  of  plants  of  that  island. 

B,  Chevranthu8f  Vill.  Met  with  only  on  the  embankment 
of  the  new  road  between  St.  Aubjoi's  ai^d  St.  Brelade's. 

Helia/rdheraum  guttatum,  Mill.  Forming  almost  the. 
entire  herbage  of  some  parts  of  the  sandy  tract  of  St  Bre- 
lade's  Bay;  it  is  common  also  at  TEtac.  All  the  specimens 
are  much  branched,  some  of  the  plants  making  little  bushes 
a  foot  or  more  in  height.  Compared  witfc  H,  Breweri, 
Planch,  the  flowers  are  smaller  and  of  a  much  paler  yellow 
than  in  the  Anglesea  specimens  shown  by  Mr.  Sidebotham  at 
a  recent  meeting.  The  spot  at  the  base  of  the  petals  is  of  a 
livid  brown,  and  very  different  from  the  larger  bright  reddish- 
chocolate  of  that  plant;  the  seeds  are  very  similar,  the  pearly 
tubercles  being  perhaps  closer  and  better  developed  in  the 
Jersey  plant. 

DicmthueproUfer,  L.  Plentiful  in  the  lanes  leading  from 
St.  Owen's  Manor  House  to  the  shore;  also  at  L'Etac  Point, 
Jersey. 

SUeTie  conicay  L.    Plentiful  on  the  Quenvais,  Jersey. 
Cerastva/m   qv^atemellwm,   FenzL       Not  infrequent  in 
Herm.  • 

/SjpergruZoria  rupw<ri«,Leb^(nonCamb.).  The  commonest 
species  oi  Spergularia  in  the  islands,  though  often  passed 
over  as  S.  marina.  Its  longer  peduncles,  black  seeds,  and 
glandular  pubescence  are  ready  marks  of  identification. 
Though  generally  found  on  walls  and  rocks,  some  of  the 
specimens  shown  were  gathered  in  salt  water  ditchea 


Lcmttera  a/rborea,  L.    Cobo  Bay,  QuemBey. 

Hypericum  Imariifolvum,  ViU.  A  few  plants  met  with 
in  a  glen  near  St  Anbyn's,  Jersey.  Compared  with  con- 
tinental examples  the  Jersey  plant  is  much  more  stunted, 
with  more  of  the  habit  of  H,  hurrdfuaura. 

H,  Modes,  L.  Plentifbl  in  a  marsh  at  St.  Brelade's, 
Jersey. 

OxaUa  comiculata,  L.  A  common  garden  weed  in  the 
north  of  Guernsey;  also  near  St.  Peter's,  Jersey. 

Ulex  GcUii,  Planchon.  This  species  occurs  near  the  mar- 
tello  tower,  St  Brelade's,  Jersey.  No  doubt  it  is  often 
passed  over  as  U.  tumius. 

Trifolium  enmccumatum,  E.  B.  Common  in  Jersey, 
where  tt  is  cultivated  for  fodder. 

Lotua  diffuauSy  Tm.,  and  i.  kisjndus,  Desf  Common  in 
Guernsey,  and  especially  so  on  the  headland  which  termi- 
nates in  Jerbourg  Point.  I  am  unable  to  separate  these 
species  with  satisfaction,  the  length  of  the  pod,  direction  of 
the  beak,  and  number  of  the  flowers  varying  considerably 
in  the  Channel  Island  specimens. 

Rubu8  thyrssidens,  E.  B.  3rd.  ed.  Above  St  Peter's 
Port,  Guernsey. 

Epilobium  lanceolatwniy  Sebast  et  Maur  ?  I  quote  ihe 
name  of  this* species  with  doubt  for  %  plant  occurring  on 
road  sides  in  southern  Guernsey. 

(Enothera  odorata,  Jacq.  Well-established  on  the  sands 
of  St.  Brelade's  Bay,  Jersey.  Near  the  same  locality 
grows  Exholtzia  califomica,  and  a  species  of  Mesembry 
anthemum.  • 

Polycarpon  tetraphylluTn,  L.  In  considerable  abundance 
in  the  eastern  and  southern  parts  of  Guernsey.  It  is  much 
less  plenti^  in  the  other  islands. 

Buplev/rum  a/ristatum,  Bartl.  L'Ancrene  Common, 
Guernsey. 
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Galium  elatum,  ThuilL  Plentifdl  near  St.  Peter  Port, 
Guernsey. 

Dipsacua  aylvestrw,  L.     Near  St.  Owen's  Chnreh,  Jersey. 

Hieracium  atrictum,  Fries.  I  collected  on  the  rocks  in 
the  northern  part  of  Sark  some  plants  which  I  am  indined 
to  refer  to  this  species. 

H.  umbeUaium,  Vill.  Narrow-leaved,  slender  ptecNis  of 
this  species  are  plentiful  on  Noirmont  Point,  Jersey. 

Tragapogan  parrifolius,  L.     Common  in  Jersey. 

Diotis  maritima,  Cass.  In  great  luxnriance  near  the 
Martello  Towers,  Si  Owen's  Bay,  Jersey. 

Chfiaphxdiunfi  luteo-alhuniy  L.  The  Qaenvais,  Jersey,  but 
infrequent 

PetdsUes  fragrana,  PresL  In  a  small  copse  near  Si 
Aubyn's,  Jersey,  biit  apparently  not  flowering. 

Imila  criihifYwidea,  L.  Plentiful  on  the  rocks  near  the 
the  silver  mine,  Sark ;  and  in  salt  water  ditches  near  St. 
Sampson's,  Guernsey. 

Cuscuta  epithymum,  L.  Covering  the  Gorse  everywhere ; 
it  is  called  by  the  islanders  "  Fairies'  Hair." 

Scrophularia  Scorodonia,  L.  In  great  abundance  and 
luxuriance  in  the  fosse  of  Fort  George,  Guernsey. 

Linarm  arenaina,  D.  C.  Occurs  in  great  plenty  on  the 
neighbouring  shores  of  Normandy  and  Brittany,  and  it  is 
not  unlikely  to  be  found  in  Jersey. 

OrobuTiche  Hederce,  Duby.     Common  in  Guernsey. 

Mentha  rotundifolia,  L.  Abundant  by  the  side  of  a 
brook  running  into  Moulin  Huet  Bay,  Guernsey. 

Ccdamintka  Nepeta,  Clairv.  In  the  greatest  profusion  in 
Herm,  particularly  on  the  eastern  side. 

Leonurus  Ca/rdiaca,  L.     La  Havre  Gk)sselin,  Sark. 

Scutellaria  minor,  L.  Common  in  a  marsh  over  Bonley 
Bay,  Jersey. 

Echium  pkmta{iineum,  L.  South-western  parts  of  Jer- 
sey; frequent. 
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Armeria  plcmtoffi/nea,  Willd.  Covering  the  sands  in  the 
western  and  southern  parts  of  Jersey;  exhibiting  great 
yariefy  in  the  breadth  and  vernation  of  the  leaves. 

Atriplex  arena/ria,  Woods.  Plentiful  St  Brelade's  Bay, 
Jersey. 

Orchis  Icudflora,  Lam.  Marshy  meadows  to  the  south  of 
St  Owen's  Pond,  Jersey,  with  Spiranthes  autumnalis. 

AlHAJum  sphcerocephalum,  L.  A  few  plants  met  wii^ 
amongst  old  timber  in  St  Aubyn's  Bay. 

SdUa  autfwnyaaUSy  L.  Very  luxuriant  at  Noirmont 
Pointy  and  Point  La  Frette,  Jersey.  The  absence  of  bracts 
is  often  relied  upon  as  a  specific  character,  but  I  noticed 
many  examples  in  Sark  bearing  these  appendages. 

AUama  ram/u/ncyuZoidea,  L.  var  /3,  repens,  Sm.  L'Ancrene 
Common,  Ouemsey,  and  St  Brelade's,  Jersey. 

Ruppia  ma/ntima,  L.  In  salt-pans  near  the  Vale 
Church,  Guernsey. 

Oyperua  longvs,  L.  More  plentiful  in  Guernsey  than  in 
the  other  islands.  The  fisirmers  leave  patches  of  this  plant 
unmown  in  their  meadows,  in  order  that  it  may  be  gathered 
in  the  autimin  for  making  into  cordage ;  the  fishermen  con- 
sider that  ropes  made  firom  this  plant  wear  much  better 
in  the  sea  than  ordinary  ropea 

Cladvu/m  MourUcua,  R,  Br.  St  Owen's  Pond,  Jersey, 
growing  with  Scirpus  Tabemcemontani  and  Scirpus  pungens. 
It  is  remarkable  that  so  conspicuous  a  plant  has  not  hitherto 
been  recorded  as  occurring  in  the  islands. 

Polypogon  monspeUenaia,  Desf  Roadnaides,  St  Samp- 
son's, Guernsey. 

Lagurua  ovatua,  L.  In  the  greatest  profusion  on  the 
shores  of  L'Ancrene  Bay,  and  Grande  Havre,  Guernsey. 

"  Brief  Notes  on  Latent  Heat,"  by  J.  C.  Dyer,  Esq.,  V.P. 
The  origin  and  nature  of  Heat  having  engaged  so  large  a 
share  of  scientific  attention  of  late  years,  and  directly 
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conflicting  principles  iu  physics  having  been  asBumed,  to 
explain  calorific  phenomena^  render  it  desirable  to  obtain, 
if  we  can,  some  rdiab^e  tests  of  the  several  grounds  on 
which  the  opposing  theories  are  based. — On  the  one  side  it 
is  affirmed  that,  "  Heat  is  a  material  element  pervading  the* 
universe."     On  the  other,  "that  it  is,  in  fact,  a  nonentity, 
and  merely  the  result,  or  consequent  effect,  of  the  exertion 
or  expenditure  of  moving  forcea" — In  purely  physical  en- 
quiries we  must  be  guided  by  ascertauied  facts,  rather  than 
by  authority,  even  of  the  most  eminent  physicists ;  where- 
fore I  shall  adduce  some  of  the  well-known  facts  bearing 
upon  the  points  at  issue.     The  materiality  of  heat  cannot 
be  sustained,  except  upon  the  admission  of  Dr.  Black's 
doctrine  of  latent  or  specific  heat  in  bodies ;  on  this  a^^sutiip- 
tion,  then,  I  shall  cite  some  of  the  cases  that  go  to  prove 
the  existence  of  heat  in  bo£es,  beyond  what  is  sensible  or 
thermometric  in  them;  andy  therefore^  in  a  neutral  or  latent 
state.    And  firsts  I  take  the  results  of  the  carefully  con^ 
ducted  experiments  of  Dr.  Fairbaim,  showing  Uie  relations 
of  heat  and  water  in  their  diff^ent  forms  of  union.    The 
following  passage  is  from  his  valuable  work : — "  Useful  in- 
formation for  Engineers/'  London,  Longman  &  Co.,  1866. 
pp.  3-4.     "When  water  attains  the  temperature  of  212° 
Fahr.  under  the  atmospheric  pressure,  it  boils  and  gives  off 
steam,  which,  when  slowly  formed,  contains  about  934*6°  of 
latent  heat,  or  heat  not  indicated  by  the  thermometer;  if  to 
this  be  added  the  sensible  heat  of  212°,  we  have  1146-6°  of 
heat  required  to  raise,  say  one  pound  of  water  into  steam, 
under  the  atmosphere  of  1471ba  pressure.    But  at  a  pres- 
sure of  25111)8,  per  inch,  the  boiling  point  rises  ta  240°,  at 
6(»bs.  to  2ai°,  and  a*  lOWbs.  it  is  of  3271''  of  tem^)erat«e." 
The  tismperatiire  or  senaible  heat  in  steam  is  thus  gradually 
iBAied  by  tke  ine^eaaiBg  pieBsure  ov  denarity  of  the  8teaBa> 
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and  saturated  steam,  or  steam  raised  in  a  boiler  over  -water, 
is  found  to  take  up  nearly  double  quantity  of  water  to 
form  steam  of  double  density  or  pressure;  but  the  latent 
heat  in  steam  is  directly  as  the  quantity  of  water  converted 
Into  steam,  whilat  the  sensible  heat  in  it  is  only  as  above 
stated,  viz. : — 

from  212'^  at  1471bs.,  to  240°    at    251bs.,  increase  28° 
„      240°  at  25lbs.,     to  281°    at    SOlbs.,       „        41° 
„     281°at501ba,     to  327^°  at  lOOlbs.,       „        46  J° 
The  decreasing  latent  heat  in  steam  is  found  to  be  nearly  as 
the  increasing  sensible  heat,  or,  in  other  words,  the  absolute 
heat  is  nearly  in  proportion  to  the  water  changing  its  form 
of  a  liquid  to  an  elastic  vapour. 

By  the  increase  of  sensible  heat,  all  liquids  and  solids  are 
gradually  expanded,  and  by  the  abstraction  of  such  heat, 
they  are  contracted  in  bulk ;  but  the  degrees  of  expansion 
and  contraction  are  different  in  bodies,  as  shown  in  the 
mercurial  and  spirit  thermometers,  the  Wedgwood  pyro- 
meters, and  the  different  metallic  rods  used  for  compensation 
balances  and  pendulums.  In  all  such  cases,  the  gradual 
changes  of  bulk  by  the  gain  and  loss  of  sensible  heat,  the 
la/w  governing  the  changes  is  quite  distinct  from  that  which 
rules  in  the  cases  of  sudden  changes  of  water  and  other 
liquids  into  steam  and  again  back  into  the  Liquid  form,  and 
by  which  changes  of'  constituent  forms,  absorption  and 
Liberation  of  heat  takes  place,  to  the  extent  before  shown, 
beyond  what  is  indicated  by  the  thermometer. 

It  thus  appears  quite  clear  that  the  entering  of  heat 
latent  in  steam  is  a  consequence  of  water  being  converted 
from  its  liquid  state  to  that  of  aqueous  vapour,  and  the 
reappearance  of  the  same  heat,  in  a  sensible  state^  when  the 
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steam  is 'converted  into  water,  is  equally  the  obvious  conse- 
quence of  the  change.  Such  reciprocal  changes  of  the 
constituent  forms  of  bodies,  clearly  serve  to  explain  the 
changes  of  heat  into  its  latent  and  sensible  forms,  as  before 
stated.  We  find  too,  all  solids  show  tiie  gradual  loss  and 
gain  of  heat,  however  high  the  temperature  may  be  raised, 
imless  the  body  itself  be  converted  into  a  liquid  or  vapour, 
and  then  the  sudden  absorption  of  latent  heat  in  them  is 
found,  as  in  the  case  of  steam  from  water.  Taking  the 
total  amount  of  sensible  heat  in  steam  of  501bs.  pressure 
(as  in  common  use)  at  281'',  as  above  shown,  and  the  latent 
heat  in  the  same  steam,  as  given  in  the  tables,  at  2,670°,  the 
total  absolute  heat  in  such  steam  wiU  equal  2,951  degrees 
Fahr.  Now,  if  the  entire  heat  so  contained  in  steam  of 
501bs.  pressure,  were  to  remain  thermometric  heat,  it  would 
of  course  raise  the  temperature  of  the  pipes  and  engine  to 
the  same  degree,  which  would  soften  the  metal  and  destroy 
the  vessels  conducting  it,  to  say  nothing  of  the  danger  of 
attending  or  even  approaching  the  engine.  I  am  aware 
of  the  allegation,  that  heat,  not  appearing  sensible  in  steam 
beyond  the  boiling  point,  is  "  because  of  the  expansion  of 
water  into  some  1,640  times  its  liquid  bulk  when  converted 
into  steam."  Well,  even  though  we  allow  this  way  of 
accounting  for  the  indensible  state  of  the  heat  in  steam,  still 
the  &ct  remains  that  the  934*6°  of  heat  exists  in  the  steam, 
for  that  amount  is  carried  over  by  it  to  the  condensor,  and 
reappears  as  sensible  heat  in  the  water. 

From  these  facts  it  would  seem  that  the  term  "latent 
heat"  is  the  only  matter  in  question ;  for  the  entire  amoimt 
of  heat,  say  of  934°,  that  disappears  as  sensible  heat  in  the 
steam,  reappears  sensible  in  the  condensor.      It  is  quite 
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eva.pomfcioii;  seoiiihle  heat  is  atjsorbed,  and  the  air  cooled, 
also  tbl^t  when  aq^eoi^  i^pour  w  ooiul^ised,  heat  is 
given  out;  so  that  heat  is  thus  oontinually  changing 
fts  form  from  sen^ble  to  latent^  and  vice  versd,  by 
the  changes  of  water  into  the  alternate  states  of  liquid 
and  vapour. 

The  same  phenomena,  but  to  a  less  extent^  appears  in  the 
freefidng  and  thawing  of  watw,  namely,  when  a  pound  of  ice 
is  melted  in  worm  water,  the  amount  of  sensible  heat  re- 
quired to  convert  it  into  water  is  about  140°  Fahr.  mwe 
than  appears  in  the  water,  viz,,  the  heat  to  maintain  its  liquid 
form  is  140''  in  excess  of  what  is  contained  in  the  state  of  ice 
at  the  melting  point ;  and  when  the  same  pound  of  water  is 
again  converted  into  ice  it  gives  out  the  said  140°  of  latent 
heat  fr<MQ  the  liquid  in  the  act  of  freezing. 

A  hundred  otiier  cases  equally  familiar  might  be  adduced 
to  show  the  disappearance  and  reappearance  of  sensible  heat 
in  bodies  upon  their  changes  of  constituent  forms,  as  solid, 
liquids,  and  va{)ours,  and  in  all  such  cases  tixe  increments 
and  decrements  of  heat,  in  its  sensible  and  latent  states,  take 
place  suddenly,  just  as  the  bodies  imdergo  those  changes, 
and  in  strict  accordance  with  known  scales  of  specific  heat 
in  them,  as  published  in  the  tables  of  such  heai 

I  may  here  glance  at  another  aspect  of  latent  heat  We 
have  seen  that  steam  of  double  density,  viz.,  from  231b.  to 
501b.  per  inch,  is  raised  by  the  addition  of  41°  of  senable 
heat;  and  again,  fiY)m  501b.  to  lOOlU  pressure  by  the  further 
absorption  of  46^°  of  sensible  heat.  These  small  accessions 
of  heat  in  its  sensible  state  are  accounted  for  by  the  amount 
of  latent  heat  in  the  extra  water,  as  bejfore  stated ;  for,  to 
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double  Uie  preasure  of  iitolated  steiu»  requirm  Bovm  4S(f  of 
sewiUe  heat 

If  we  look  to  the  140**  of  kteut  hoftt  m  iimtaT  over  the* 
in  ioe,  it  will  be  seen  that  in  lieu  of  being  expended  by  the 
heat  thu0  absorbed  in  melting  the  ioe,  the  water  is  contracted 
in  bulk ;  for  at  temperatures  from  32""  to  40""  ice  imAs  wkh 
about  one  sixth  of  its  bulk  above  the  aurfSMse.  The  Botkm^ 
therefore,  that  heat  ceases  to  be  sensible  by  xeiMion  of  tbe 
expansion  of  bodies  when  it  becomes  lat^it  in  them  m  (deai:^ 
shown  to  be  a  fallacy. 

I  come  now  to  notice  the  latent  heat  that  beoamesaenwiUe 
by  the  union  of  a  solid  with  a  ga&  Hie  latent  heait  in  oxy- 
gen and  carbon  being  in  excess  of  that  in  carbonic  acid,  by 
the  formation  of  this  acid  in  breathing,  the  supply  of  sensible 
heat  is  duly  maintained  to  keep  up  the  temperature  of 
wann-Uooded  animals,  and  the  excess  of  heat  evolved  in 
the  lungs  is  carried  off  by  comv^iing  wafaer  into  steam, 
which  passes  out  with  the  breath.  If  the  whole  hei^  so 
evolved  were  to  remain  sensible,  it  would  destroy  the  living 
functiona 

Many  other  mutations  of  heat  d^>eftding  on  the  vital 
energies  were  explained  in  a  former  paper,  and  may  be 
here  passed  by,  with  the  remark  that  this  entire  class  of 
changed!,  as  in  the  case  of  respiration,  are  effected  by 
chemical  forces  called  into  action  by  vital  organisma. 
The  alternate  changes  of  sensible  and  latent  heat  de« 
pending  on  the  constituent  forms  of  bodies,  and  upon 
the  chmnical  forces  so  called  into  action,  might  be  shown 
in  a  hundred  other  cases,  but  the  above  will  suffice 
to  mark  the  principle  on  which  the  mutations  of  heat 
depend.    Apart  then  from  the  chemical  reh^ons  of  heat 
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with  other  bodies,  I  proceed  to  notice  some  of  the  cases 
in  which  the  appearance  and  disappearance  of  sensible 
heat  that  do  depend  on  ihe  action  of  mechanical  forces; 
these  are  of  so  wide  a  range,  that  only  a  few  of  tJiem 
can  or  need  be  given.  It  must  be  kept  in  view  that  the 
latent  heat  in  bodies,  besides  depending  on  th^  con- 
stituent forms,  as  solids,  liquids,  vapours,  and  gases, — is 
also  proportionate  to  their  bulks,  in  the  same  form; 
wherefore,  by  compressing  a  body  of  any  kind,  sensible 
heat  is  given  out,  and  by  expanding  it  sensible  heat  is 
re-absorbed,  or  taken  up  in  a  latent  state;  so  that  me- 
chanical forces  continually  acting  among  bodies  around 
us  bring  about  the  alternate  conditions  of  heat  so  familiar 
to  everyone.  The  cause  therefore  is  thus  plainly  seen 
why  sensible  heat  in  bodies  is  produced  by  mechanical 
forcea  But  this  affords  no  ground  for  assuming  the 
generation  de  novo  of  any  heat  by  the  exertion  of  any 
force — either  chemical  or  mechanical 

We  have  sensible  heat  from  the  solar  rays,  and  that 
produced  by  combustion,  and  other  chemical  changes  of 
bodies,  but  have  strong  grounds  for  concluding  that  all 
forms  of  sensible  heat  produced  by  mechanical  forces  are 
derived  from  the  latent  heat,  rendered  sensible  by  com- 
pression or  the  abrasion  of  bodies  by  such  forces. 
But  the  alternation  of  sensible  and  latent  heat  thus 
caused  by  mechanical  action  is  seen  in  an  endless 
range  of  compressions  and  expansions  from  the  lighting 
of  a  match  in  the  air  syringe  to  the  showers  of 
sparks  issuing  from  the  particles  of  steel  torn  off  in  d/ry 
gri/nding,  and  ignited  by  the  intense  heat  fix)m  the  com- 
pressed air  between  the  steel  blade  and  the  grindstone.     I 
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need  not  enlarge  on  the  numerous  other  facts  in  accordance 
with  the  foregoing,  but  may  venture  to  say  that  those  cited 
must  be  directly  met  by  adducing  others  to  show  how  sen- 
sible heat  is  made  to  come  and  go  otherwise  than  by  the 
changes  of  heat  from  one  to  the  other  of  its  states  of  sensible 
and  latent,  before  the  principle  of  such  mutations  of  heat 
can  be  superseded  by  the  new  theory.  To  say  that  "work 
is  doTie"  when  water  passes  into  steam,  equal  to  the  heat 
entering  the  steam, — and,  again,  that  when  the  steam  is 
condensed  mechanical  force  is  excited  equal  to  the  heat 
re-appeoring  in  the  water, — are  naked  assertions,  with  no 
shadow  of  proof  to  sustain  them,  for  no  mechanical  force  is 
called  into  action  in  forming  the  steam,  nor  is  any  such  force 
exerted  by  it  in  returning  to  water.  So  that  force  has 
nothing  to  do  with  those  changes,  except  it  be  the  chemical 
forces,  depending  on  the  known  relations  of  heat  and  water. 
We  aU  know  that  there  is  nothing  occult  in  the  laws  of  dy- 
namics, and  that  all  moving  forces  can  be  distinctly  measured 
and  their  amount  and  direction  plainly  proved,  which  forbids 
the  admission  of  any  mystery  in  the  science  of  mechanics. 
Now,  in  the  face  of  these  established  laws,  we  find  the  fol- 
lowing announcement  by  the  able  expounders  before  cited 
of  the  New  Philosophy,  viz. — "  When  the  motion  of  a  body 
is  arrested,  the  motion  of  the  mass  is  transferred  to  a  motion 
of  the  molecules — or  particles  composing  it — ^and  this  motion 
is  heat."  And  again,  that  "Mathematical  formulae  have 
been  deduced  from  it,  and  thus  a  quantity  has  been  found, 
termed  the  Mechanical  equivalent  of  heat."  That  the 
motion  of  the  mass  is  transferred  to  the  molecules  is  an 
assumption  devoid  of  any  foundation  in  known  facts,  for 
we  have  no  means  of  proving  any  kind  of  dynamical  action 
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by  such  intangiUe,  anknofvra,  and  sappositious  moleonlee,  or 
ultmiftiepaariiolesof  bodies.  And  to  base  mnihemfttical  fbr- 
muled  on  aach  viskKnary  forces  and  motions  can  hardly  eom- 
port  witii  the  dignify  of  the  exact  sciences,  or  tend  to  shed 
any  light  ttp<m  i^sieal  truths^  M^hidi  after  all  mmt  be  sos- 
tained  hy  known  faetn,  ratiier  than  by  theories,  old  or  new. 
As  these  two  tiieories  are  based  on  opposite  principles,  they 
<»imot  both  be  true;  and  without  referring  here  to  any  of 
the  other  eases  (addxieed  in  former  papers)  that  appear  to 
prove  the  untenable  natore  of  the  new  theory,  I  condude 
by  Bulnnitti!!]^  the  aJxTve  ^UTrt  ontiines  of  the  phenomena 
resting  on,  and  eaqdaming,  the  doctrine  of  latent  heat 
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MICEOSCOPIOAL  AND  NATUBAL  HISTOBT  SECTION. 

March  23rd,  1868. 

J.  B.  Dangbr,  F.RA.S.,  President  of  the  Section,  in  the 

Chair. 

Mr.  SiDEBOTHAM  stated  that  on  opening  a  box  containing 
specimens  of  Linmoea  clodes  from  Canada,  sent  to  him  by 
Prof  Billings,  a  living  bee,  apparently  the  common  hive-bee, 
crawled  out. 

Dr.  Alcook  showed  a  living  frog-tadpole,  two  and  a  half 
inches  long,  with  a  body  as  large  as  a  hazel  nut,  but  the 
hind  legs  not  more  than  a  quarter  of  an  inch  long.  He 
stated  that  it  was  taken  from  a  pond  in  Higher  Broughton 
on  the  7th  of  March,  at  a  time  when  the  frogs  were  begin- 
ning to  spawn.  It  was  evident  that  it  had  lived  through 
the  winter,  growing  larger  but  advancing  very  little  in  de- 
velopment ;  and  he  could  only  account  for  its  occurrence  in 
that  condition  by  supposing  it  had  grown  from  spawn  depo- 
sited in  the  autumn  of  last  year. 

Mr.  SiDEBOTHAM  read  the  following  paper,  entitled 
"Further  Notes  on  Wood-feeding  Coleoptera." 

A  short  time  ago  I  brought  before  you  a  few  notes  on 
some  of  the  wood-feeding  beetles  found  in  this  neighbour- 
hood, and  pointed  out  the  very  great  damage  they  cause  to 
growing  timber.  I  will  now  refer  to  a  few  of  the  species 
which  chiefly  attack  timber  when  it  has  been  cut  down  and 
used  for  various  purposes. 
PBOonDnrcHi— Lit.  k  Ybjl.  Sooibtt.— Vol.  VII.— No.  16— SBsnoir  1867-8 
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It  appears  to  be  one  of  the  provisions  of  nature  that  as 
speedily  as  a  tree  is  separated  fix)m  its  root  it  is  destroyed  as 
soon  aa  possible,  and  various  means  are  at  once  brought  into 
play  to  this  end.  Very  soon  afler  the  tree  falls,  it  is 
attacked  by  various  ^edes  of  coleoptera,  the  bark  mined 
and  the  trunk  pierced  in  all  directions,  the  sharp  mandibles 
of  the  little  creatures  working  into  tke  hardest  wood.  The 
holes  thus  made  let  in  the  rain,  and  then  the  half-rotting 
wood  is  attacked  by  other  species,  and  in  a  very  short  time 
the  whole  is  reduced  to  dust,  which  if  left  to  its  own  natural 
decay  would  encumber  the  ground  for  years. 

Unfortunately,  these  little  beetles  cannot  distinguish 
between  what  is  of  value  and  what  is  not;  stumps  and 
rails  look  to  them  the  same  as  old  trees,  and  they  treat 
them  in  the  same  way. 

In  this  part  of  the  country,  three  species  of  the  genus 
Anobium,  and  Ptilinus  pectinicomis,  anotiier  nearly  allied 
species,  are  the  most  destructive.  We  often  see  rails  and 
gate  posts  perforated  as  if  by  small  shot,  and  if  we  examine 
them  careftdly  we  find  the  inside  of  the  timber  a  mass  of 
dust. 

Where  timber  is  of  much  value,  or  where  much  labour  is 
spent  upon  it,  somfe  steps  ought  to  be  taken  to  prevent  its 
destruction,  either  by  kyanizing  it,  or  by  coating  it  with 
paint  and  varnish  before  it  is  attacked.  Anobium  tesse- 
latum,  and  Anobium  striatum,  are  species  that  feed  upon 
wood  and  furniture,  in  the  insides  of  buildings,  and  often 
cause  great  destruction  before  their  presence  is  known, 
although  the  first  named,  which  is  the  well-known  death 
watch,  makes  itself  heard,  often  to  the  alarm  of  the  ignorant; 
but  as  a  writer  150  years  ago  remarks,  "We  look  on  it  as 
an  idle  superstition,  for  were  anything  in  it,  inhabitants  of 
old  houses  were  in  a  melancholy  condition."  It  appears  to 
be  an  instiuict  of  these  beetles  to  r^nain  inside  tiie  timber, 
burrowing  their  holes  in  all  directi(»is,  and  when  they  come 


near  the  surface  to  turn  away,  without  making  a  visible 
hole.  The  female  rarely  leaves  the  burrows,  but  lays  her 
eggs  inside  them,  the  only  holes  apparent  beiog  those  by 
which  the  males  have  escaped.  Thus  it  may  happen  that 
a  beam  o£  a  house  apparently  strong,  and  in  which  only  a 
few  small  holes  aire  to.be  seen,  is  in  reality  a  mere  shell  fuil  of 
dust,  }ty  cousin,  the  late  Mr.  Ashworth,  once  shewed  me  a 
large  box  fiiU  of  wooden  silk  bobbina  They  were  of  a  siae 
not  often  wanted,  and  had  remained  in  tlus  box  about  two 
yeans;  when  required,  it  was  found  the  whole  of  the. wood 
had  been  eaten  by  Anobium  striatum,  leaving  the  exteidor 
of  the  bobbins  of  the  thickness,  of  paper,  and  apparently 
quite  perfeci 

No  wood  appears  too  hsmcd  or  too  dry  for  these  creatures* 
A  piece  of  fumitiu'e  which  had  been  in  my  possession  saany 
years,  and  had  belonged  to  my  father,  was  attacked  by  this, 
species.  The  first  intimation  I  had  was  the  finding  of  some 
of  the  beetles  ii^de  the  window  of  my  bedroom,  and  on 
seaa*ching  li  fcxund  the  holes  from  which  they  had  escaped 
I  at  once  had  the  wood  washed  with  a  solution  of  bichloride 
of  mercuQT,  and  the  holes  well  saturated  with  it^  and  hava 
since  seen  no  mora 

In  a  private  house  the  presence  of  this  beetle  may  be 
soon  seen,  but  in  a  church  or  public  building  much  injury 
may  be  done  before  it  is  discerned.  When  it  is,  the  timber 
infected  should,  if  possible,  be  removed,  or  well  washed  with 
bichloride  of  mercury  and  mineral  naptha.  It  should  also 
be  covered  with  a  fine  net  in  the  month  of  May,  so  that  the 
beetles  then  assuming  a  perfect  state  and  emerging  from 
the  timber  could  be  prevented  going  to  other  parts  of  the 
building. 

The  injury  to  timber  is  caused  almoat  entirely  by  the 
larvse,  the  perfect  insects  simply  drilling  holes  to  malke  ijieir 
escape  on  their  andval  at  matiudty.  Beinembenng  this, 
and  knowing  tite  habite  of  ike  y«Eiou3  specie^  and  idie 
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times  when  they  leave  their  holes,  much  damage  may  be 
prevented  by  the  destruction  of  the  perfect  insects  before 
they  have  time  to  lay  eggs.  A  year  or  two  ago,  a  Mend 
called  my  attention  to  a  small  grub,  which  was  eating  the 
corks  of  his  wine  bottles,  and  doing  considerable  damage  by 
boring  holes  through  tiie  corks  and  letting  out  the  wine. 
The  grub  was  the  larva  of  a  small  beetle,  Mycetaea  hirta, 
and  I  reared  some  of  the  beetles  from  the  larvae  in  one  or 
two  corks.  The  perfect  insects  emerge  early  in  June,  and 
I  think  if  the  wine  cellar  in  such  a  case  were  well  white- 
washed at  that  time,  when  the  insects  are  on  the  ceiling 
and  walls,  they  would  be  destroyed  ;  and  if  the  corks  were 
covered  well  with  sealing  wax,  one  or  two  seasons  would  be 
sufficient  to  banish  this  beetle  altogether  from  the  place. 

I  may  just  remark  that  I  think  it  would  be  quite  worth 
the  trouble  of  every  one  to  know  some  little  of  the  appear- 
ance and  habits  of  the  beetles  usually  found  in  houses,  if  for 
no  other  reason  than  to  preserve  their  property.  A  wasp 
destroyed  in  the  spiing  is  the  destruction  of  what  would  be 
a  wasps*  nest  in  the  autumn ;  in  like  manner,  the  capture 
of  a  small  beetle  on  a  window  may  prevent  the  destruction 
of  a  valuable  cabinet,  or  the  injury  of  an  entire  library. 


April  20th,  1868. 
J.  Baxendell,  F.RA.S.,  in  the  Chair. 

Mr.  Charles  Bailey  read  a  paper  "On  Some  of  the 
Characteristic  Plants  of  the  Channel  Islands,"  and  exhibited 
a  large  collection  of  specimens. 

[This  paper  was  afterwards  read  at  the  annual  meeting 
of  the  Society,  held  on  the  28th  of  April,  1868.     See  p.  194] 
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The  Secbetabt  read  a  communication  from  the  Rev.  J. 
E.  Vize,  "  On  the  Mite  of  the  Wood  Pigeon." 

It  was  observed  that  within  a  short  time  of  the  death  of 
the  pigeon  these  mites  appear  much  more  frequently  than 
when  the  body  of  the  bird  was  warm ;  that  they  come  and 
go  very  much  like  a  dissolving  view;  moreover,  they  al- 
ways make  ingress  and  egress  through  the  vanes  of  the 
feathers  of  the  bird;  these  they  open,  and  then  pass  away, 
not  head  first,  but  just  as  a  heavy  weight  would  do  when 
left  on  water  to  gravitate  for  itself. 

They  are  very  nimble,  and  always  clasped  the  feather  by 
at  least  two  of  their  feet,  never  less.  Hence  their  tenacity, 
for  it  is  most  difficult  to  remove  them  from  their  holdfast. 
And  here  is  a  beautiful  and  natural  means  of  self-preserva- 
tion :  if  they  lost  their  security  and  became  detached  from 
the  bird  in  flight,  they  could  not  regain  their  place,  and 
probably  must  die.  They  walk  differently  to  most  insects, 
using  invariably  the  central  foot  on  the  right  side,  and  the 
first  and  last  of  the  opposite  side,  and  vice  versa.  When 
quiescent  they  adhere  very  tightly  by  the  pair  of  feet 
nearest  to  the  head,  being  aided  in  tliis  by  a  pair  of  very 
small,  but  most  useful,  clips  or  hooks  at  the  extremity  of 
each  of  their  feet. 

As  to  the  antennse,  they  denote  very  great  excitement 
being  in  rapid  restless  movement.  Whilst  the  insect  is 
alive,  they  are  at  something  like  right  angles  to  the  body  of 
the  bird,  but  are  nearly  always  parallel  to  the  body  when 
dead. 


Annual  Meeting,  May  4th,  1868. 

A.  G.  Latham,  Esq.,   Vice-President  of  the  Section, 
in  the  Chair. 

The  Annual  Report  was  read,  approved,  and  ordered, to 
be  printed  ajid  circulated  among  the  members. 


The  foDowing  OflSeeiB   were   riected   tar  the   ensuing 
session: — 

JOHN  B.  DANCEB,  E.IULS. 

ABTHUB  a.  LATHAM. 
JOSEPH  BAXENDELL,  F.B.A.S. 
JOHN  WATSON. 

ftuxttaxivi. 
THOMAS  ALOOCS:,  M.D. 
OHABLES  BAILET. 

9rta9ttm. 
HENEY  ALEXANBBB  HUBST. 

W  4e  CPoundl. 
W.  C.  WILLIAMSON,  P.B.S. 
ALFBfiD  BBOTfiERS,  F!B.A.S. 
SAMUEL  OOITAM. 
THOMAS  OOWABD. 
JOSEPH  SIDBBOTHAM. 

JAMES  G.  LYNDE,  F.G.S.,  F.B.M.S.,  MJiistOJ;. 
HENBY  SIMPSON,  M.D. 
JOHN  BABBOW. 

Mr.  O.  Bailet  exhibited  a  satnpte  of  the  shell^beach  at 
Herm,  and  explained  how  shells  are  thrown  up  at  that 
parttcalar  spot  in  consequence  of  the  direction  of  the  several 
currents  ardund  and  between  the  neighbouring  i&lands. 

Mounted  specimens  of  Meridion  cireulai*e  from  the  entrance 
to  the  Peak  Cavern,  Castleton,  were  sent  for  exhibition  by- 
Mr.  Dancer,  together  with  a  stock  of  the  same  Diatoms 
presented  for  distribution. 

Leaves  of  Hippophae  rhanmoides  from  Folkstone  were 
presented  by  Mr.  Sidebotham  for  distribution  among  the 
members. 
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PHYSICAL  AND  J£ATHBJ£ATIOAL  SECTION. 

April  2l8t,  1868. 

E.  W.  BiNNinr,  F.R.S.,  F.G.S.,  Vice-President  of  the  Section, 
in  the  Chair. 

"On  Ozone  and  its  Probable  Connexion  with  Solar 
Radiation,"  by  Thomas  Mackereth,  F.RA.S.,  F.M.S. 

Many  hypotheses  have  been  set  forth  respecting  this 
mysterious  something,  ozone.  My  present  object  is  to 
bring  together  as  many  known  facts  as  I  am  able  respecting 
it,  and  to  draw  therefrom  such  conclusions  as  I  think  fairly 
legitimate.  The  deductions  that  may  be  drawn  from 
experiments  made  in  a  chemical  laboratory  are  no  doubt 
important  and  useful ;  but  if  to  these  we  can  add  obsdirva- 
tions  from  the  great  laboratory  of  nature,  we  may  hope  to 
arrive  at  ftiUer  and  better  information. 

First. — Where  ozone  cminot  be  found.  Attempts  were 
made  for  some  time  to  detect  it  in  the  vicinity  of  the 
Manchester  Royal  Infirmary,  but  without  success.  Mr. 
Samuel  Marshall,  of  Kendal,  states  that  "  in  a  locality  west 
of  Birmingham,  they  have  indications  of  the  presence  of 
ozone  when  the  wind  is  from  the  west,  or  before  it  reaches 
the  town ;  but  when  the  wind  is  in  the  opposite  quarter, 
and  passes  over  the  town  before  reaching  there,  none  is 
found."  In  addition  to  this  evidence  of  the  absence  of 
ozone  in  towns,  I  can  state  that,  from  observations  I  have 
made  during  the  last  six  months  in  Salford,  hardly  any  has 
been  detected  with  the  most  sensitive  tests.  Hence  it  is 
clear  that  large  towns  either  destroy  ozone  or  prevent  its 
manif elation. 
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Second — Whe7*e  it  is  paHially  found  amongst  popular- 
tions.  I  lived  for  four  yeaxs  in  close  proximity  to  the 
most  populous  part  of  the  village  of  Eccles.  This  village 
contains  a  population  of  two  or  three  thousand  Its  sani- 
tary condition  is  most  unsatisfactory.  Its  mean  height 
above  the  sea  is  about  112  feet.  It  is  situated  about  four 
and  a  half  miles  west  of  Manchester.  I  made  observations 
of  ozone  at  that  station  for  more  than  three  years,  and  the 
amounts  detected  with  Dr.  Moffat's  test  papers  were  con- 
siderably below  those  obtained  by  Mr.  Vernon,  F.RA.S.,  at 
Old  Trafford,  two  miles  nearer  Manchester,  but  where  the 
population  is  less  dense  and  the  sanitary  condition  £eu: 
superior.  I  infer,  then,  that  density  of  population,  with 
imperfect  sanitary  regulations,  either  destroys  ozone  or 
prevents  its  formation. 

Third. — Where  variable  amounts  of  ozone  are  found  out 
of  large  towns.  Ozone  is  detected  in  considerable  quan- 
tities on  the  sea-coast,  and  in  rural  valleys  far  removed 
from  towns ;  but  it  is  well  known  that  far  larger  amounts 
are  detected  in  elevated  districts,  as  on  hills  and  mountains. 
The  amounts  detected  by  Mr.  Heap,  of  Rojton,  near  Oldham^ 
and  Mr.  Thompson,  of  Willnslow,  fax  exceed  anything  that 
is  found  on  low  rural  lands  or  near  the  sea.  Mr.  Heap's 
station  is  544  feet  above  the  sea,  and  Mr.  Thompson's  251 
feet  Mr.  Samuel  Marshall,  of  Kendal,  also  writes — "  I  am 
much  surprised  at  the  results  of  experiments  made  by  my 
friend  Edward  Hayton,  at  his  residence,  High  House,  which 
is  about  7i  miles  N.W.  from  Kendal,  and  two  miles  nearly 
west  from  the  railway  station  at  Windermere — 636  feet 
above  the  sea  level.  *  *  •  No  material  interruption  of 
hills  between  it  and  the  sea,  Morecambe  Bay,  which  Ues  a 
little  west  of  south.  The  amount  of  ozone  collected  here  is 
surprising,  being  nearly  three  times  the  quantity  of  that  at 
Kendal.  It  may  be  said  that  sea  breezes  conveying  ozone 
from  the  Irish  Sea  meet  with  no  material  obstacle  before 
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reaching  High  House;  but  they  meet  with  comparatively 
little  before  reaching  Kendal,  and  jret  the  results  are  so  very 
different."  Mr.  Marshall's  hypothesis  that  ozone  comes  from 
the  sea  does  not  enable  him  to  discover  why  there  is  more 
ozone  at  High  House  than  at  Kendal,  which  is  several 
miles  nearer  the  sea.  During  my  several  visits  to  West- 
moreland 1  have  made  ozone  experiments,  and  have  always 
obtained  less  ozone  in  the  valleys  and  low  grounds  than  on 
the  hills  and  highlanda  The  amounts  obtained  have 
increased  according  to  the  height  at  which  I  have  placed 
testa  AU  my  experiments  were  made  aroimd  Windermere. 
These  facts  simply  show  that  elevated  regions  are  more  con- 
ducive to  the  production  of  ozone  than  low  lying  districts, 
however  free  from  population  or  near  the  sea. 

Third. — Tvmes  when  variahle  amounts  of  ozone  are 
found.  On  looking  carefully  through  my  roisters  for  the 
last  five  or  six  years,  I  find  that,  as  a  rule,  the  amounts  of 
ozone  increase  as  the  height  of  the  barometer  decreases.  It 
is  weU  known  that  the  largest  amounts  of  ozone  are  detected 
when  high  moist  winds  prevail,  and  during  magnetic  and 
electric  storms ;  but  when  it  is  considered  that  winds  are  a 
consequence  of  the  removal  of  atmospheric  pressure,  it  may 
be  expected  that  we  shall  find  atmospheric  conditions 
answering  to  the  reduced  amoimt  of  pressure.  As  the 
amoimt  of  atmospheric  pressure  is  less  on  high  than  on  low 
lands,  and  as  more  ozone  is  found  on  high  than  on  low  lands, 
so  if  all  other  conditions  remain  the  same,  it  will  happen 
that  as  the  atmospheric  pressure  is  reduced  on  the  low  lands 
a  proportionate  increase  of  amount  of  highland  ozone  will 
be  found 

Fourth. — The  relation  of  ozon^  to  oxygen.  It  is  well 
known  that  if  oxygen  be  eliminated  from  water  by  means 
of  electric  currents,  ozone  is  found  in  the  oxygen  so  elimi- 
nated. The  force  or  activity  thus  given  to  oxygen  causes  it 
to  manifest  ozone  in  large  quantities.    Clearly  then  oxyg&a 
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and  ozone  are  intimately  related;  and  it  is  not  unreaaonaUe 
te  suppose  that  oxygen  is  more  easily  rendered  active  at  a 
high  position  in  the  atmosphere  than  a  low  one^  that  ifl^ 
rendered  more  active  under  a  light  preflsore  than  under  a 
dense  one. 

Fifth. — The  apparent  cormeadon  of  Ozone  wUh  Solar 
Radiation,  Whether  we  liberate  oxygen  chemically,  or 
by  electricity,  the  force  which  produces  heat  has  te  be 
employed.  The  source  of  terrestrial  heat  is  the  sun ;  and 
this  heat,  in  the  main,  is  the  cause  of  all  our  atmospheric 
phenomena,  especially  of  those  movements  of  the  air  called 
winds,  and  the  magnetic  and  electric  st(n:ms  the  great  com- 
panions of  ozone  manifestations.  Two  important  papers 
have  been  read  before  this  society  by  Mr.  JosL  Baxendell, 
F.R.A-S.,  "  On  Solar  Radiation,"  which  have  been  printed 
in  the  7tii  voL  of  the  proceedings  of  the  Society.  In  the 
•first  of  these  papers  it  is  shown — 

"  1st.  That  the  calorific  intensity  of  the  sun's  light  is 
subject  te  periodical  changes,  the  Tni>.YiTTni.  and  minima  of 
which  correspond  respectively  with  those  of  the  solar  spot 
firequency." 

''  2nd.     That  the  intensity  of  a  ray  of  direct  sun-light  on 
.  its  arrival  at  the  earth's  surface  in  the  latitude  of  Oxford 
is  greater  in  April  and  September  than  in  June,  when  the 
sun's  meridian  altitude  is  greatest 

"3rd-  That  the  curve  representing  the  mean  monthly 
values  of  solar  radiation  on,  cloudless  days,  has  its  times  <^ 
maxima  and  minima  corresponding  with  those  of  the  curve 
representing  the  mean  monthly  diurnal  ranges  of  the  mag- 
netemeter." 

And  at  page  105,  Mr.  Baxendell  fiirther  shows  "That 
clouds  and  haze  are  less  prevalent  during  t^e  day,  or  their 
power  te  intercept  the  heating  rays  of  the  sun  is  less  active 
in  the  spring  and  autumn  than  in  the  winter  and  summer 
months.''    In  the  first  (^  these  p^pera,  Mr.  JBasendeU  giv€» 
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the  m^an  monthly  diffbrences  between  -the  maxlttttmi  tem- 
perature in  the  shade  and  that  in  the  sun  diliitig  the  six 
years  1859  to  1864.     They  are  as  follows : — 

January    6-51°  July 13-81° 

February 9-16°  August U-OS** 

March  10-08°  September   , 13-71° 

April    13'2y  October    9*66° 

May 12-90°  November    8*00° 

Jime 12-93°  December 4-50° 

Here  are  represented  two  maxima  of  solar  radiation 
which  occur  in  April  and  August,  and  two  minima  in  May 
and  December.  Below  I  represent  the  mean  monthly 
amounts  of  ossone  for  five  years,  from  1862  to  1867 : — 

January    ...  .....  1-15°  July 1-29° 

February 1-44°  August 1-34° 

March  1-85°  September   101° 

April    2-51°  October    0*80° 

May 2-00°  November    0*88° 

June 1-48°  December 1-25° 

From  the  foregoing  table  two  maxima  wiU  be  seen  iden- 
tical with  those  of  Solar  Eadiation,  viz.  one  in  April  and 
another  in  August  The  minima  are  not  satisfactory.  There 
are  reasons  for  this.  "The  first  four  years'  observations  were 
made  near  the  village  where  the  amounts,  for  the  reasons 
already  given,  were  small  and  fitful;  and  the  test  papers 
used  were  not  so  sensitive  as  those  I  have  since  used.  The 
amounts  I  have  obtained  for  the  last  year  and  a  half  are 
more  than  double  the  amounts  I  obtained  at  my  previous 
station.  I  am  much  &rther  from  the  village,  several  f^t 
higher,  and  use  very  sensitive  test  papers.  I  anticipate 
that  future  observations  at  my  present  station  will  far  more 
fuUy  concur  with  the  Solar  Radiation  deduotions  above 
quoted.  In  proof  of  this,  I  give  below  the  mean  monthly 
aiBountB  of  ozone  for  18&7. 
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January   2-74*'  Julj l^S'* 

February 3-40**  August 1-42' 

March 3-57°  September    1-96^ 

April    5-60°  October    1-48^ 

May 2-29**  November    1-00^ 

June l-Se**  December     2-70*' 

But  there  is  a  still  more  striking  relationship  between  the 
amounts  of  Solar  Radiation  and  Ozone.  In  Mr.  Baxendell  a 
second  paper  on  Solar  Radiation  at  page  104,  we  are  pre- 
sented with  the  reduced  annual  values  of  Solar  Radiation 
at  Eccles,  together  with  their  Ratios,  as  follows : — 

Bedaoed  Yalnea  of 
Tear.  Solar  Radiation.  Ratios. 

1863  9-82  1-63 

1864  9-84  1-51 

1865  8-32  1-57 

1866  7-06  1-17 

After  this  is  added,  for  comparison,  the  number  of  groups 
of  solar  spots  observed  in  each  year,  by  Schwabe,  to  which 
I  have  added  a  column  giving  the  mean  annual  amount  of 
ozone  in  each  of  these  years : — 

Ratios  of  Solar        MeanAiumal     NomberofOroapa 
Tear.  Radiation.  Amonnt  of  Solar  Spots. 

1863     1-63  1-56  124 

1864     1-51  112  130 

1865     1-57  0-95  93 

1866"  1-17  0-97  45 

Here  it  is  obvious  that  the  amounts  of  ozone  have 
decreased  each  year  with  the  amount  of  solar  radiation,  and 
pretty  nearly  too  as  the  groups  of  solar  spots  have 
decreased. 

Now,  if  it  be  determined  that  the  intensity  of  the  solar 
radiation  is  coincident  with  the  periodic  activity  of  the 
solar  photosphere — ^which  I  think  Mr.  BaxendeU's  papers 
largely,  if  not    conclusively,   confirm — end  if  we  find  a 
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periodicity  of  ozone  intensity  nearly  identical  with  the 
periodicity  of  solar  radiation,  there  is  a  warranty  for  con- 
cluding,— 

Ist.  That  ozone  is  the  result  of  an  activity  produced  in 
oxygen  by  the  direct  action  of  solar  radiation. 

2nd.  That  as  a  highly  compressed,  dense,  or  confined 
atmosphere  impedes  the  effects  of  direct  solar  radiation,  so 
less  ozone  is  found  in  valleys  and  low-lying  districts  than 
on  mountains  and  highlands.  ^ 

3rd  That  as  direct  solar  radiation  is  impeded  in  large 
towns  and  populous  districts,  and  the  action  of  oxygen  is  in 
many  ways  neutralized,  therefore  little  or  no  ozone  is  found 
in  such  places. 


"Notes  of  Comparisons  of  Ozone  Papers,"  by  G.  V. 
Vernon,  F.RA.S.,  F.M.S. 

Mr.  Mackereth,  F.RA.S.,  having  kindly  supplied  me  with 
papers  prepared  by  Dr.  Moffat's  method,  but  on  unsized 
paper,  I  thought  it  would  be  interesting  to  see  what  the 
relative  amounts  of  ozone  found  would  be  as  compared  with 
Dr.  Moffat's  ordinary  papers.  The  jmpers  were  exposed  in 
precisely  a  similar  manner,  and  quite  free  from  any  solar 
influence. 

The  observations  only  extending  over  a  few  months, 
there  is  of  course  but  little  to  be  determined  from  them  so 
far,  except  the  fact  of  the  much  greater  amount  of  ozone 
shown  by  the  papers  prepared  from  unsized  paper.  With 
these  papers  amounts  are  frequently  registered  when  the 
sized  papers  give  no  indication  whatever,  and  in  addition 
to  this  the  average  daily  amoimts  are  much  greater.  The 
details  I  have  annexed  in  Table  I. 
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Moffat 
Old. 

Moffat 
Unsized. 

^ExceflBof 
Days  of 
trnsiaed 
Piper. 

,       Mean 
It^js.  ,  Daily  Ami. 

Daj«. 

Meaa 
Daily  iMnt 

1867. 

AugOBt   

14     t       2-26 
18     1       1-80 

7  1       0-93 

8  '      0.19 

&     '       Ori2        1 

16 
16 

6 

8-48 
2^1 
2-59 

1«99! 

1 
2 
6 
8 
6 

0 
5 
4 
3 

September 

October. 

NoTcmber 

DeoeiqbeT 

10              I'AJ. 

1868.  ^ 
January     .... 

19 
19 
18 
11 

I 

806 

1-80 
2-30 
1-56       1 

19 
24 
22 
14 

4-97 
5-40 
6-20 
3-80 

Fcbruai7   

Marcl^ 

April 

Sums 

109     1        ...         1 

137             ...         1 

28 

TABLE  II. 


Sised  Papers.            Unsized  Papers. 

1867. 

August  

September 

2.26                     3.38 
1-80                    2W 

Ratio. 
V4Q 
1-54 
2-43 
818 
2-42 

1-62 
2-79 
2-50 

October 

0-93 
019 
0-52 

806 
1-80 
2-30 
l-5« 

2-26 
0-60 
1-26 

4-97 
6*08 
5-77 
»E0 

.  Noyember 

December 

1868. 
tTanuary.  . 

Feljruniy  

March    

4kpril 

2-06 

Mean 

... 

2-22 

In  Table  U.  I  have  given,  the  mean  daily  antounts  wi^ 
eadi  kind  of  paper,  omitting,  however,  flpom  tihe  observap 
tions  with  unsized  paper  all  those  days  upon  which  ijji^. 
sized  paper  gave  no  indications.  In  tlie  last  oolumu  of  this 
table  are  given  the  ratios  between  the  amounts  given  by 
each  paper  in  ihe  previous  columns,  in  order  to  see  the 
relative  values  of  the  indications.  The  mean  ratio  appears 
to  be  2-22  for  the  period  in  question,  showing  that  the 
observations  made  with  the  old  Moffat  papers  require 
multiplying  by  this  amount  to  correspond  with  the  new 
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papers.    Tliese  ratios  seem  to  vary  a  good  deal,  and  do  not 
af>pear  to  depend  upon  the  amount  of  ozone  observed. 


Extract  of  a  letter  received  by  the  Editor  from  Mr. 
Vernon,  F.R.A.S.  May  7th,  1868  :— 

As  bearing  upon  a  point  in  the  paper  read  by  Mr. 
Mackereth,  F.RA.S.,  on  ozone  observations,  I  may  state 
that  between  1856  and  1862  I  found  from  observaiions 
made  at  Newby  Bridge,  Lancashire,  and  the  summit  of  a 
hill  at  the  same  place  having  a  difference  of  about  500  feet 
of  altitude  above  the  sea,  that  the  amount  of  ozone  at  the 
higher  station  was  invariabry  greater  than  that  found  at  the 
lower  ona  This  I  considered  was  owing  to  the  upper 
station  beiog  much  more  exposed  to  strong  atmo^heric 
influences.  This  corroborates  strongly  what  Mr.  Mackereth 
has  found  in  the  neighbourhood  of  Windermere. 

It  is  very  unfortunate  that  we  have  no  ozone  observations 
round  our  eastern  coasts,  as  that  would  tend  to  solve  the 
question  as  to  the  very  small  amounts  found  during  the  pre- 
valence of  easterly  winds,  and  we  should  then  be  able  to 
see  if  an  easterly  sea  breeze  developed  it.  Some  of  the 
favourite  watering  places  on  the  Yorkshire  coast —  Scarbo- 
rough, Whitby,  Filey,  Flamborough  Head,  &c. — ^would  just 
be  the  places  for  making  these  observations. 

"  Note  on  the  Correction  of  an  Algebraic  Solution,"  by  the 
Rev.  Thomas  P.  Kirkman,  M.A.,  F.RS.,  Hon.  Member  of 
the  Society.     Received  by  the  Editor  June  8th,  1868. 

An  important  step  in  the  reasoning  is  omitted  at  p.  147. 
It  is  not  true  that  the  four  fanctions  in  lines  2,  4,  8,  and  9 
are  rational  functions  of  the  coefficients  of  G=0.  They  are 
all  five- valued  functions  of  ^«2--a?5,  and  their  values  are 
are  first  to  be  formed  on  the  following  five  shapes  of  our 
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group  of  60  positive  substitutions,  of  which  the  first  only  is 
expanded  in  page  145,  esuoh  group  to  be  followed  by  its 
negative  derivate  of  60, 


12345 

12346  12346 

23145 

21436  23461 

31246 

34126  34512 

43215  46123 

51234 

12345 

12346 

12345 

12345 

12345 

12346 

23146 

21543 

23451 

14352 

21354 

23451 

31245 

35142 

34512 

15324 

45312 

34512 

53241 

45123 
61234 

64321 

45123 
61234 

12346 

12346 

12345 

12345 

12346 

12345 

12463 

32154 

23461 

12453 

13254 

23461 

12534 

42613 

34612 

12534 

14523 

34512 

52431 

45123 
51234 

15432 

45123 
51234 

The  specific  difference  of  these  five  forms  of  the  same 
group  of  3-4-5=60  lies  in  the  group  of  3-4=12.  The 
four  functions  in  lines  2,  4,  8,  9  of  p,  147  are  to  be  con- 
structed in  all  their  five  values  on  these  five  forms. 

Page  143,  lines  21  and  24,  for  ambi^^iums  read  unambiguxms, 
„     141,  over  C,  for  4123  read  4231  ; 
„     144,  line  14,  for  a(iC5-ar,)  read  a(a?4-«,) ; 
„        „    line  16,  for  a{x,i--x^  read  a(iP5-a?,)  ; 
„       „    line  17,  for  cvhe  read  sixth, 

P.S. — Sept.  7.  I  have  to  confess  that  my  attempt  in  the 
preceding  number  to  solve  the  quintic,  &c.,  is,  like  all  such 
efforts,  a  failure.  My  friend,  Professor  Harley,  has  proved 
to  me  that  N,,  P,,  &a,  pages  142,  143,  though  symmetrical 
in  XiX^c^^^  are  not  so  in  x^^x^x^^^  in  spite  of  the  cyclical 
character  of  the  values  of  H.  But,  I  trust  that  what  I  have 
written  is  not  utterly  useless  in  connection  with  the  values 
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of  functions,  nor  do  I  despair  of  its  leading  to  the  coveted 
solutions. 

I  have  been  asked  for  my  proof  that  P  +  Q  must  be  sym- 
metrical in  the  z'%,  if  P*  +  Q*  is  so,  page  133.  I  say  that  if 
P*  +  Q*  is  symmetrical,  P*  cannot  have  more  than  two  values 
by  the  permutations  of  the  sr's,  viz.,  F  and  Q'.  If  P  +  Q  is 
not  symmetrical,  P  will  have  more  than  two  values  by  such 
permutations,  and  every  substitution  among  the  z's  which 
turns  P  into  Pj  or  P,  will  turn  PPPPP  into  PiP,PiPiPi  or 
PjPjPjPjP,,  i.e.  P*  will  have  more  than  two  values. 

"Note  on  the  Resistance  of  Fluids,"  by  Dr.  J.  P. 
Joule,  F.RS.,  President  Received  by  the  Editor,  July 
2]  St,  1868. 

Coulomb  appears  to  have  been  the  first  who  pointed  out 
clearly  the  two  sources  of  resistance  to  bodies  moving  in 
fluids,  the  first  varying  in  the  simple  ratio,  the  second  in 
the  duplicate  ratio  of  the  velocity.  He  found  the  simple 
ratio  to  prevail  only  at  the  very  slow  velocity  of  not  more 
than  half  an  inch  per  second.  I  have  long  had  in  view 
experiments  for  the  purpose  of  further  illustrating  tbia 
subject,  and  possess  an  apparatus  which,  although  coa- 
structed  so  long  ago  as  1849, 1  have  not  experim^xted  witb 
before  the  last  few  weeks.  It  eonsists  of  two  vertical  disca 
of  turned  and  polished  steel,  each  18  inches  in  diameter, 
which  revolve  between  corrugated  iron  plates  at  about  one 
quarter  of  an  inch  distance.  The  axle  passes  through  a 
leather  collar,  and  the  weight  of  the  discs,  which  is  con- 
siderable, is  supported  by  friction  wheels.  Revolution  is 
effected  by  the  agency  of  weights  and  pulleya  A  train  of 
wheels  in  connection  with  the  axis,  by  which  a  papered 
drum  is  moved  under  a  pen  worked  by  a  pendulum,  fur- 
nished the  means  of  measuring  the  velocity.  The  following 
are  the  results  at  which  I  have  already  arrived.  They  are 
referred  to  one  disc : — 
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Velocities  of  Rim  in  feet  per      Index  of  the  Power  of 
hlch 


between    which  the  V^odtT  whidi 

Fluid.  the    Ezperimenta     were  is  proportional    to 

made.  the  Reaittuioe. 


1   ■' 


and   5-36  -64 

Air -^        5-36     „    13-2  -98 

(      13-2       „   23-03  1-7 

r         -47     „     5-2  1-084 

^^*^^' I        5-2       „    13-44  1-78 

Oil  -19     „      1-78  1-24 

I  infer  from  the  above  that  in  the  circumstances  of  my 
experiments  the  resistance  of  liquids  up  to  five  feet  per 
second  is  nearly  in  the  simple  proportion  of  the  velocity. 
The  following  are  my  results  as  to  the  resistance  due  to  a 
given  velocity ; — 

Preasnre  on  Rim  Velocity  of 

Fluid.  in  grains.  Rim. 

Air     ."..         853         23 

Water    6267         13-44 

Oil     6715         1-79 

When  the  liquids  were  exposed  to  three  atmospheres' 
pressure,  the  resistance  appeared  to  be  slightly  increased 
I  hope  to  clear  up  this  and  other  points,  and  to  obtain  more 
exact  results,  when  the  apparatus  shall  have  rieceived  the 
improvements  which  have  suggested  themselves  in  the 
course  of  this  preliminary  enquiry. 


